





© HITACHI 
ans) VAN By 
NN @le@) 
K 





#M18 


9n70 Rin 
20 70 Rit \gwood Ave. 
ose, OA 95131 


34-0800 


Ca } 
Safi c 


(408) 4 








SRAM 
DATA BOOK 


© HITACHI: 


When using this document, keep the following in mind: 

This document may, wholly or partially, be subject to change without 
notice. 

All rights are reserved: No one is permitted to reproduce or duplicate, in 
any form, the whole or part of this document without Hitachi’s permission. 
Hitachi will not be held responsible for any damage to the user that may 
result from accidents or any other reasons during operation of the user’s 
unit according to this document. 

Circuitry and other examples described herein are meant merely to indi- 
cate the characteristics and performance of Hitachi’s semiconductor prod- 


ucts. Hitachi assumes no responsibility for any intellectual property claims 
or other problems that may result from applications based on the examples 
described herein. 


No license is granted by implication or otherwise under any patents or 
other rights of any third party or Hitachi, Ltd. 


MEDICAL APPLICATIONS: Hitachi’s products are not authorized for 
use in MEDICAL APPLICATIONS without the written consent of the 
appropriate officer of Hitachi’s sales company. Such use includes, but is 
not limited to, use in life support systems. Buyers of Hitachi’s products are 
requested to notify the relevant Hitachi sales offices when planning to use 
the products in MEDICAL APPLICATIONS. 





March 1990 ©Copyright 1990, Hitachi America, Ltd. Printed in U.S.A. 


SRAM DATA BOOK 
INDEX 


Section 


Introduction 


MOS Static RAM 


Cache Static RAM and 
Fast SRAM Modules 


MOS Pseudo Static RAM 


ECL RAM 





HITACHI SALES OFFICES SECTION 5, PAGE 434 


© HITACHI’ 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza » 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 (415) 589-8300 


Section 1 
Introduction 


QUICK REFERENCE GUIDE............ 
PACKAGE INFORMATION .............. 
RELIABILITY OF HITACHI I.C. MEMORIES 
QUALITY ASSURANCE OF I.C. MEMORY 

OUTLINE OF TESTING METHOD 
APPLICATION..........-.2-00 000s eee 


Section 2 
MOS Static Ram 


¢ HM6116 SERIES 
HM6116P-2/3/4 
HM6116LP-2/3/4 
HM6116FP-2/3/4 
HM6116LFP-2/3/4 


¢ HM6116A SERIES 
HM6116AP- 12/15/20 
HM6116ALP-12/15/20 
HM6116ASP-12/15/20 
HM6116ALSP-12/15/20 


¢ HM6716 SERIES 
HM6716P-25/30 


¢ HM6719 SERIES 
HM6719P-25/30 


¢ HM6268 SERIES 
HM6268P-25/35/45 
HM6268LP-25/35/45 


¢ HM6267 SERIES 
HM6267P-35/45/55 
HM6267LP-35/45/55 


* HM6264A SERIES 
HM6264AP-10/12/15 
HM6264ALP-10/12/15 
HM6264ALP-10L/12L/15L 
HM6264ASP-10/12/15 
HM6264ALSP-10/12/15 
HM6264ALSP-10L/12L/15L 
HM6264AFP-10/12/15 
HM6264ALFP-10/12/15 
HM6264ALFP-10L/12L/15L 


° HM6288 SERIES 
HM6288P-25/35 
HM6288LP-25/35 
HM6288JP-25/35 
HM6288LJP-25/35 


¢ HM6788 SERIES 
HM6788P-25/30 


¢ HM6788H SERIES 
HM6788HP-15/20 


¢ HM6788HA SERIES 
HM6788HAP- 12/15/20 


¢ HM6289 SERIES 
HM6289JP-25/35 
HM6289LJP-25/35 


TABLE OF CONTENTS 


SRAM DATA BOOK 


TABLE OF CONTENTS 
Page 
weg Eek De SENG Sd VA Led a da ee bg ie ee RE vii 
soodatitis ah Glace a Th BS Anatase a een le Rue ran. 2 ave tye nate hehe 1 
Desai ieee lenicies operas tome cereactn eek Ake socet Dh attattty Aaete Gem hci ten staat tae te Ad Pinca aah 13 
debashes eapebent sce te att erkee Salsas fh a sak oh te era Sea a tine Sel 28 
EGE ahinda ease aged na care Oe aes BE Rid tag ent ESS Sone Wee BU dGe Meow tere tr atte aieenetateas 34 
ahah Seid ae at Tuabires Gag wang <eige rie ane a decade De ates aedectee ale Moar ade enter tie ts 35 
2,048-word x 8-bit High Speed CMOS Static RAM .............. 64 
2,048-word x 8-bit High Speed Static CMOS RAM .............. 69 
2,048-word x 8-bit High Speed Hi-BiCMOS Static RAM........... 74 
2,048-word x 9-bit High Speed Hi-BiICMOS Static RAM........... 74 
4,096-word x 4-bit High Speed CMOS Static RAM .............. 80 
16,384-word x 1-bit High Speed CMOS Static RAM.............. 87 
8,192-word x 8-bit High Speed CMOS Static RAM............... 94 
16,384-word x 4-bit High Speed CMOS Static RAM.............. 103 
16,384-word x 4-bit High Speed Hi-BICMOS Static RAM.......... 111 
16,384-word x 4-bit High Speed Hi-BICMOS Static RAM.......... 115 
16,384-word x 4-bit High Speed Static RAM... 1... eee 119 
16,384-word x 4-bit High Speed CMOS Static RAM (with OE)...... 124 


© HITACHI 


Hitachi America, Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 i 


TABLE OF CONTENTS 


Section 2—MOS Static Ram (continued) 


¢ HM6789 SERIES 
HM6789P-25/30 
HM6789JP-25/30 


¢ HM6789H SERIES 
HM6789HP-15/20 
HM6789HJP-15/20 


¢ HM6789HA SERIES 
HM6789HAP- 12/15/20 
HM6789HAJP- 12/15/20 


© HM6287 SERIES 
HM6287P-45/55/70 
HM6287LP-45/55/70 


¢ HM6287H SERIES 
HM6287HP-25/35 
HM6287HLP-25/35 
HM6287HUJP-25/35 
HM6287HLJP-25/35 


¢ HM6787 SERIES 
HM6787P-25/30 


¢ HM6787H SERIES 
HM6787HP-15/20 
HM6787HJP-15/20 


*® HM6787HA SERIES 
HM6787HAP- 12/15/20 
HM6787HAJP- 12/15/20 


© HM62256 SERIES 
HM62256P-8/10/12/15 
HM62256LP-8/10/12/15 


HM62256LP-10SL/12SL/15SL 
HM62256FP-8T/10T/12T/15T 
HM62256LFP-8T/10T/M2T/15T 


16,384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE). . 


16,384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE). . 


16,384-word x 4-bit High Speed Static RAM (with OE)............ 


65,536-word x 1-bit High Speed CMOS Static RAM ............. 


65,536-word x 1-bit High Speed CMOS Static RAM ............. 


65,536-word x 1-bit High Speed Hi-BiICMOS Static RAM.......... 


65,536-word x 1-bit High Speed Hi-BiCMOS Static RAM.......... 


65,536-word x 1-bit High Speed Static RAM ................... 


32,768-word x 8-bit High Speed CMOS Static RAM ............. 


HM62256LFP-8SLT/10SLT/12SLT/15SLT 


¢ HM62832/HM62832H SERIES 
HM62832P-35/45 
HM62832LP-35/45 
HM62832JP-35/45 
HM62832LJP-35/45 
HM62832HP-35/45 
HM62832HJP-35/45 


¢ HM6208/HM6208H SERIES 
HM6208P-35/45 
HM6208HP-25/35 
HM6208HLP-25/35 
HM6208HUJP-25/35 
HM6208HLJP-25/35 


¢ HM6708 SERIES 
HM6708P-20/25 
HM6708JP-20/25 


¢ HM6708A SERIES 
HM6708AP-15/20/25 
HM6708AJP-15/20/25 


¢ HM6709 SERIES 
HM6709JP-20/25 


*¢ HM6709A SERIES 
HM6709AP-15/20/25 
HM6709AUP-15/20/25 


32,768-word x 8-bit High Speed CMOS Static RAM ............. 


65,536-word x 4-bit High Speed CMOS Static RAM ............. 


65,536-word x 4-bit High Speed Hi-BiICMOS Static RAM.......... 


65,536-word x 4-bit High Speed Static RAM ................... 


65,536-word x 4-bit High Speed Static RAM (with OE) ........... 


65,536-word x 4-bit High Speed Static RAM (with OE) ........... 


@ HITACHI 


ii Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


Page 
135 


142 


149 


157 


164 


173 


178 


183 


189 


197 


203 


211 


217 


222 


229 


TABLE OF CONTENTS 


Section 2—MOS Static Ram (continued) Page 


* HM6207 SERIES 262,144-word x 1-bit High Speed CMOS Static RAM............. 236 
HM6207P-35/45 
HM6207LP-35/45 


© HM6207/HM6207H SERIES 262,144-word x 1-bit High Speed CMOS Static RAM............. 243 
HM6207P-35/45 
HM6207HP-25/35 
HM6207HLP-25/35 
HM6207HJP-25/35 
HM6207HLJP-25/35 


¢ HM6707 SERIES 262,144-word x 1-bit High Speed Hi-BiICMOS Static RAM......... 250 
HM6707P-20/25 
HM6707JP-20/25 


¢ HM6707A SERIES 262,144-word x 1-bit High Speed Static RAM................... 255 
HM6707AP-15/20/25 
HM6707AJP-15/20/25 


¢ HM628128 SERIES 131,072-word x 8-bit High Speed CMOS Static RAM............. 261 
HM628128P-7/8/10/12 
HM628128LP-7/8/10/12 
HM628128FP-7/8/10/12 
HM628128LFP-7/8/10/12 


© HM624256 SERIES 262,144-word x 4-bit High Speed CMOS Static RAM............. 269 
HM624256P-35/45 
HM624256LP-35/45 
HM624256JP-35/45 
HM624256LJP-35/45 


© HM624257 SERIES 262,144-word x 4-bit High Speed CMOS Static RAM............. 275 
HM624257JP-35/45 
HM624257LJP-35/45 


¢ HM66204 SERIES 131,072-word x 8-bit High Density CMOS Static RAM Module. ..... 283 
HM66204-12/15 
HM66204L-12/15 


© HM63921-20/25/35 2K x 9-bit CMOS Parallel In-Out FIFO Memory ................. 289 
HM63921 P-20/25/35 
© HM63941-25/35/45 4K x 9-bit CMOS Parallel In-Out FIFO Memory ................. 301 


HM63941 P-25/35/45 


Section 3 

Cache Static RAM and Fast SRAM Modules 

© HM62A168/HM62A188 SERIES Direct Mapped 8,192-word x 16/18-bit 2-way ................... 311 
HM62168CP-25/35/45 4,096-word x 16/18-bit Static Cache RAM 
HM62188CP-25/35/45 

¢ HM67C932 SERIES 8,192-word x 9-bit x 4-row Static Cache RAM..............000 319 
HM67C932CP-20/25 

¢ HB66B1616A-25/35 16,384-word x 16-bit High Speed Static RAM Module ..........., 333 
HB66B1616A-25/35 

© HB66A2568A-25/35 262,144-word x 8-bit High Speed Static RAM Module............ 343 
HB66A2568A-25/35 

@HM644832).-- 6 aka eR eRe SUS are a eee VE leet 9 er aare eae anal 351 
HM644332G-25/30 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 ii 


TABLE OF CONTENTS 


Section 4 
MOS Pseudo Static RAM 


* HM65256B SERIES 
HM65256BP-10/12/15/20 
HM65256BLP-10/12/15/20 
HM65256BSP-10/12/15/20 
HM65256BL SP-10/12/15/20 
HM65256BFP-10T/12T/15T/20T 
HM65256BLFP-10T/12T/15T/20T 


© HM658128 SERIES 
HM658128DP- 10/12/15 
HM658128LP-10/12/15 
HM658128DFP- 10/12/15 
HM658128LFP-10/12/15 


Section 5 

ECL RAM 

e HM10494 SERIES 
HM10494-10/12 
HM10494F-10/12 


e HM10490 SERIES 
HM10490-10/12 


¢ HM10504-10/12 SERIES © 
© HM10500-15 


¢ HM100494 SERIES 
HM100500-18 
HM100500CG-18 
HM100500F-18 


¢ HM100490 SERIES 
HM100490-10/12 

© HM100504F-10/12 

¢ HM100500CG-18 
HM100500-18 
HM100500CG-18 
HM100500F-18 


¢ HM101494 SERIES 
HM 101494-10/12 
HM101494F-10/12 


¢ HM101490 SERIES 
HM101490-10/12 


© HM101504F-10/12 
© HM101500F-15 


HITACHI SALES OFFICES........... 


Page 

32,768-word x 8-bit High Speed Pseudo Static RAM............. 369 
131,072-word x 8-bit High Speed CMOS Pseudo Static RAM...... 376 
16,384-word x 4-bit Fully Decoded Random Access Memory ...... 388 
65,536-word x 1-bit Fully Decoded Random Access Memory ...... 393 
65,536-word x 4-bit Fully Decoded Random Access Memory ...... 397 
262,144-word x 1-bit Fully Decoded Random Access Memory ..... 399 
16,384-word x 4-bit Fully Decoded Random Access Memory ...... 403 
65,536-word x 1-bit Fully Decoded Random Access Memory ...... 407 
65,536-word x 4-bit Fully Decoded Random Access Memory ...... 411 
262,144-word x 1-bit Fully Decoded Random Access Memory ..... 412 
16,384-word x 4-bit Fully Decoded Random Access Memory ...... 415 
65,536-word x 1-bit Fully Decoded Random Access Memory ...... 419 
65,536-word x 4-bit Fully Decoded Random Access Memory ...... 423 
262,144-word x 1-bit Fully Decoded Random Access Memory ..... 424 
i anaiideer SEARLE alan erat Wad paortner aha Sie Miccdaal ian lO Gaus a aee'y Gasoel a Bietise a atin 434 


@ HITACHI 


iv Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


Section 1 
Introduction 

® Quick Reference 

to Hitachi I.C. Memories 
e Package Information 
© Reliability of 

Hitachi I.C. Memories 
© Quality Assurance of 

I.C. Memory 


¢ Outline of Testing Method 
e Application 


© HITACHI: 


vi 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


QUICK REFERENCE GUIDE TO HITACHI MEMORIES 












m@ MOS RAM 
iets dy , Power *4 
Mode | Total Type No. Process fond BD Time | Time vt Dissipation pee 
frome [> Tm [@ [>] [om [| 
120 | 120 | jeje; | yt TT 
| 150 | 150_| | jefe; | TTT Ty 
nee | fefe;, | TT yy | 
| jeje; | | [ [| 
| 150 | 150_| (is 3 (a Se 
cmos | 2048x8 |-200_| 200_ | on | jefe; | {| Ty Ty 
| 120 | 120_| | je} jel | [ [ TT 
| 150 | 150_| Oimism | ,,{ Jel fet T | [TT | 69 
| je] je; | | | [ I 69 
| fe] jel | {| | TT 69 
5y/10m | je] jel | [| [ TT 69 
| je{ je; | [ | TT 69 
Ee es ee 
16keb Bicmos | 2048x8 { 30 | 30 | 0.28 ee Sn a ae 
(with OE) | | | je| | | | | [ % 
| 30 | 30 | | | | fel | tT | dy htm 
| jet | | | tT [ TT 80 
0.1,/0.25 | fet | [| | { Tj 7 80 
4096x445] 45 | es Ea ee ee 
y fe} | | tT TT 7 Ty Tso 
EAE 5y/0.25 | jet | | | [ tT [Tso 
cmos | 45 | 45 | of: te) Ts ea 80 
| 35 |35 | Ps ee 
| 45 | 45 | 0.1m/0.2 | fe? | | | tT yt a 
16384 x1 [55] 55 | ee eee 
| 35 | 35 | Yr fet | | | Ty yy 37 
| 45 | 45 | 5y/0.2 fe ee tee 
Static | 55 | 55 | +5 ee ak Moir 
18k-b MBE 2___| picwos | 208x9 [221 28 | | oz | ttt tet tt tt 74 
| 30 | 30 | | | | jel | | | Ty % 
| jefe; | | | tT TT 9 
had fT fefe/ | | f TT TT 94 
| 100 | 100_| Tfelele| | | tT Tt 9% 
120 | 120 01m/15m | jejeje; | | | [ [94 
| 150 | 150_| | jelele| | | | | [94 
| 100 [ 100_| 2 | lelele| | | | | [ 94 
8192 x 8 10,/15m | jefeje| | | tT | [94 
CMOS [| fefefe/ | [| |] [ 9 
HM6264AL-10L | jejeje; | | | | t 9% 
10y/15m | jelele; | | | | TT 9% 
| 150 | 150_| | felele; | | | | [94 
16k-b | 25 | 25 | | | | jel | fT tel [ 103 
| 35 | 35 | 01m/0.3 a4 YT | fT fel TT fel J 103 
~~ |goyL_t fT fet TT fe fT 103 
| 35 | 35 | P| ft fel TT fel [103 
16384 x 4 Tt tT vel [| [ ty yt in 
| | ft fet [| [| Ty [im 
Bi-CMOS | 20 | 20) { 02 jo| [ | tet [| TT | [15 
Ean Ss | | | fel | | {Ty tg 
HM6788HA-15 3 es a ee 
HM6788HA-20 P| tT fet TT TT 19 
P| ft tT tT eT 124 
6Akeb cmos | 16384x4 oimo3s jot _t tt Tt fel 7 ia 
(with OE) eo | | | | ty ft fet [124 
eoke lt Deh, eee aed 
(continued) 
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nn 


m= MOS RAM 
og [Access] Cycle Power " 
Mode | Total Type No. Process rakectneg el er vt Dissipation ect Page 
wa | in Ee ca 

| | [ fet | | Jel | 135 
|_ 30 | ; | | | fet | | fel J 135 
46384 x 4 | | | jet | | fel | 142 
BiCMOS | withoe [| 20_] 241 [ | fe] | | lel [ 14 
| {| | fet {| | Jel J 149 
| {| | tej {| | Jef | 149 
| 20 | ee ee 
| | [| fef | | | Jf 157 
| 55 | 0.11/0.3 | [| | fet | | [ [J 17 
o tt fet | TT TT 17 
| { [fet {| | t TT 157 
CMOS |_ 55 | 104/0.3 | | jet | tT TT 7 
| [| | jet | | ft TT 157 
| | | fe{f | | le] | 164 
—— | | [ fe{ | | [el [164 
65536 x 1 | [| | fet [ | [el T 164 
ae | [| | fet | | [el | 164 
2{ [| | fet | | [ TT 173 
apes .  E E  S 
on (SMELT [lel TT tel Tie 
Bi-CMOS ff ete [Ls 
| | | je{ {| | Je] J 17% 
| | | je] | | jel J 183 
| | | jet | | fel | 183 
| HM62256-8 | leje| | | | | { | 189 
|HM62256-10 | 0.2n/40m | fele;| | {| | [ [ T 19 
| HM62256-12_ | | jefe; {| | | | | | 189 
|HM62256-15 | | jefe; | | | [ [ T 189 
|HM62256L-8 | | 85 | | fefe{ [ | | [ | I 189 
|HM62256L-10 | 40u/40m | {eje| {| | | { | | 189 
|HM62256L-12 | 
|HM62256L-15 | 
| HM62256L-10SL_| 


| je! | | 
10/40m | 28] Jeje| | | | | { I 189 
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ise) 
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= 
nm 
an 


30m/.3 


HM62256-8 
HM62256-10 
HM62256-12 
HM62256-15 
HM622561-8 
HM622561-10 
HM62256L-12 
Static HM622561-15 
HM622561-105L 
: 32768 x 8 
HM62832-45 
HM628321-35 
CMOS 
HM62832H-35 
HM6208-35 
HM6208-45 
HM6208L-35 
HM6208L-45 
HM6208H-25 
HM6208H-35 
HM6208HL-25 
HM6208HL-35 
HM6708-20°3 
OA eee 65536 x 4 
HM6708A-15 
HM6708A-20 
HM6708A-25 
HM6709-20 BECMOS 
HM6709-25 25 
HM6709A-15 5 
: 35 
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m= MOS RAM 


ae) vers hoe 








M M 

35 [35 | 
CMOS [45 [45 | 
ee 
256k-b [ HMG2O7HL-25 
[35 35 | 
[20 | 20 | 
[25 | 25 | 
Bi-CMOS 
[25 [25 | 
Static P95 [85 
131072%8 
85 | 85 
[100 | 100 | 
[120 | 120" 
[35 [35 
Mb 45 | 45 
Serre Be cal ed 
"(36 [35 | 
P45 | 45 | 
[35 [35 | 
eine 45 | 45 
| [120 [120 | 
PAM ean [150 | 150 | 
Modile decoder) {120_| 120_| 
[150_[ 150 
[20 [30 
18k akx9 [25 | 35 | 
FIFO [35 [45 | 
36k-b 4kx9 
45 | 60 
a 
120k-b Ow) _35 | 35 
[45 [45 
meer aie pl 
State | *28b 2ay) [351 35 
RAMS P45 | 45] 
Bi-CMOS 32k x9 | 25 | 25 | 
astich (4way) [20 [20 | 
oe 

HB66B1616A-25 16kx 16 | 25 | 
SRAM (module) | 35_| 35 | 
Module 2M-b CMOS | aS eT 
(module) [35 [35 | 
TAG | ao 2kx20 [25 | 25 | 
RAM (tag ram) [30 [30 | 


+Data sheet not included in this manual. Request data sheet for HM67B932. 
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Power 
Dissipation 
(W) 


Package *! 
font] @ | ° | | se | ze [ce [ce | | w | 
sl ee I) = 236 
eh Op sd T2368 
Lill sey Ih 3 236 
eS eae 
| [ | tet | {| [ef | 243 
| {| [ je{ {| | fe{ | 2483 
| | | jet | | fel | 243 
| | jet | | jel | 243 


| {| [| fel | | fel | 250 
| | | tet | | fel | 250 


Page 





0.1/0.3 


es | 


| {| | Jel | [ fel | 255 
T {| { fe; { {[ [ef [255 
YT [| | fet | Tey [255 
| jeje; | | T [ fT 26 
0.1m/75m | jefe! | | | [ ff 261 
| jeje| | | J [ | fT 26 
32 --lelel | | | | | | 261 
| jefe; | [ | { J ft 26 
10u/75m | jefe; | | | [ 7] fT 26 
‘ | jefe; | | [ | J YT 261 
| jefe; | | | | Tf 261 
| | ft fet T ] fel J 269 
og | | Jel | | jel J 269 
co ae 
| | | jet tT fet [269 
| | | | tT ty felt [275 
0.1m/0.35 rt | | Tf ft fet [275 
+5{ rt [ | | [ | fel [275 
BERR EeBOBE: 
rt tT TT fT tf eT 283 
PT Tt TT TT fe [283 
P| Tt Tt hy ye 283 
. rT Er Jel 283 
| fe} | [| | | [ | Tf 289 
| fel | | J 7 J J J 289 
10W | og] [ol | | | | | TT 289 
max. | jet | | [ [| | TT 289 
| fel | [ [| | | ff 289 
PY jet [| TT tT tT YT 289 
Pp) fe el | a 
Pt fT | yy felt Ty an 
1.1 a Ee ee ese [- 8t 
(max.) rt | it [ [| cel | 3n 
r | | | [ [ Jel TT 3t 
Pf | tT ty fey Ty 3 
Tt [| Tt fel | 319 
TBD 44 | { {| | | [| fel | | 319 
Pee eel 
Po ticite tes Pope pe | 
| amie | a6 Ft} tt tte 333 
Pe Pe ht Ea | a9 
| amas | 60 f+ +++ ++ te) 343 
Pitt ttt tt fel 343 
po fee FE EE ET 351 
max. Pt tT tT | hE] tT Tf 351 
(continued) 
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QUICK REFERENCE GUIDE 
= MOS RAM 










st Access Power "| 

Max a Gd od ce ec ca cae 

| 100 | 100 | | jejeje; | | | ji] 

| 120 | 190 | | fjejeje| {| [| [ [ | 

| 150 | 235 | | fefefe| {| [| | [ | 

heiig (MO Gee || oe edele@r fab. [17 

| 100 { 180 | : | jejeje; | | | [| 

| 120 | 190 | | [efele; {| [| {| [ | 

Pseudo | 150 | 235 | | f[ejelje; {; [| | [ | 
Static | 200 | 310 | | fejeile| {| | {| |] | 
| 100 | 180 | | jeje; {| | | { | | 

| 120 | 210 | 5m/0.2 | jefe; | | { [ { ] 
HM658128D-15 4310728 |150_[ 250_| | jefe] | [| | | [ | 

| 100 | 180 _| ee 

| 120 | 210 | 0.5m/0.2 | fefe/| | { [ |] [ | 

150 | 250 | et pe | 





m@ ECL RAM 


Total Organization 
Bit Type No. (word x bit) 


a2 


HM10504- 65536 x 4 


262144 x 1 


en |e 
~ HM100494-10"4 6384 x4 


ECL 10K 


ECL100K 


}HM10504-12 
[HM100490-10 
HM100490-12 65536 x 1 
[HM100490-15_ | 
[HM100504F-12 
[HM100500-18°3 


262144 x1 | Emitter 


16384 x 4 


HM101494-10 

HM101494-12 
[HM101504-10 | 655361 
|HM10504-12 


Notes) *1. The package codes of G, F and CG and applied to the package material as follows. 
G; cerdip, F; Flat Package, CG; Ceramic Leadless Chip Carrier 
“2. Maintenance Only. This device is not available for new application. 
*3. Preliminary 
*4, Under Development 


12 
10 
12 
10 

12 
153 

4-12 

0-10 

0-15 
Ft 
Fel 

18 
10 
12 


HIM10494 

HM10490- 

HM10490- 

HM10504 

HM10500- 
HM100494-12"4 
HM10049 

HM10049 
HM100504F-12 pope x 
HM100500-18"2 
|HM101494-10 
[HM101494-12, 
HM101504- 

HM10504 
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Package Information 
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Mi PACKAGE INFORMATION 





@ Dual-in-line Plastic 
@DP-16B 


19.2(0.756) 
20.32max. 


he (0.800max.) 9 






















ae 





___| |.0.89 1.3} [8 
Ls. inj Ses 7.62 
(0.035) (0.051) ec > 
ce x9 (0.300) 
S78 om) 
E an 
ete 1 
= E 0.25% .05 
zt Ss . 
2542025 O48t01 « 2 of 15° AG on 
(0.100+0.010) (0.019+0.004) © 
@ DP-18C 
22.26(0.876) 
a 22.86max.(0.900max.) io 
eal 
=|22 
Bee 
3 7.62 
1,3(0.051) “3 (0.300) 
s 
ft: 
ws oO 
eat [se 15s 0288 
| 1 & = £ E { 
1 » “=8 a8 
tte ae eH SSNS 
0.48+0.1 2.544+0.25 2 


(0.019+0.004) (0.100 +0.010) 








@DP-20NA 
24.8(0.976) 
[20 25.40max.(1.000max.) |; 
Binet 
s 
j|.tva Lg baa 1.62 
(0.045) (0.051) (0.300) 






t 
0.51 min 

1 
0.020min. 
—| 


| 
L 


(0.100min.) (0.200max.) 
Xe 
oh 
O, oe 
be 
& 





us 
2.54min. §.08max 


nies 


2544025 0.4810. 
(0.100 +0.010) (0.019 + 0.004) 








25.40max. 





Unit: mm (inch) Scale 1/1 


“ 





@DP-18B 





22.0(0.866) 
18 22.86max.(0.900max.) 10 













6.6 | 
(0.260) 
7.3max. 
(0.28?max.) 












(0.0 org tht) 


| 7.62 
1.3(0.051) = 
xe (0.300) 
22 
ss 0 
eo N45. 25th hs 
EE 
23 


0.Simin. 
(0.020min.) 





le 
0.48 0.1 2.54+0.25 
(0.019+ 0.004) (0.100+0.010) 












20 (1.000max.) 


=> oe 7.62 
AS : 8 
CE SE (0.300) 
E_S_EsS ! 
ols/ae 
2s 
£2 y 
= = 0. 
s& + 9.20.09 
Ss Fi 00! 
ue t Aes gi\o% a 
2.54 +0.25 0.48 +0. Ss Ons So 
(0.100+0.010) (0.019 + 0.004) 


@DP-22N 


27.08(1.066) 
27.90max.(i.098max.) 





7.0max. 
(0.276max.) 





0.88(0.035) 1.3(0.051) 





254min. 5.08max. 


(0.100min. (0.200max.) 





(0.020min.) 


2.54+0.25 


0.48+0.1 
(0.100 +.0.010) 


(0.019 + 0.004) 
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PACKAGE INFORMATION 


@ Dual-in-line Plastic Unit: mm (inch) Scale 1/1 










@ DP-22NB @ DP-24 





34.6( 1.244) 


| 24 32.5max.(1.280max.) 13 









27.90max.(t.098max.} 






13.4 
(0.528) 
14.5max. 

(0.575max.) 





0.88(0.035) 1.3(0.051) 









: ad gars 
3 c 5 
sf ERIES 
gleg SES 
§ a5 + [0.4801 i fl ae 
O.AB = 0.1 geet - asazor | _f. 0.019 40.004) Noe o~ is oot 






(0.019 + 0.004) (0.100 + 0.010) 













@ DP-24N 






@DP-24A 





30.4(1.197) 
31. 75max.(1.250max.) 


24 i3| 





a. 





30.48(1.200)max. 


fe 29.62(1.166) 13 
























saa 
ri oi ZRE 
a\2 lis 
g/= “"¢ 
a he 1.08 ! 12 ~ 
£2 ,10.16(0.400) (0.043) om 
ge = (00 ' = 
so 8 
32 2& 
BS 
ne 
i AREF 
= € = 
1.27 0.484010 25440.25 8&8 s&s 
(0.050)max. (0.019+0.004) (0.100+0.010) ¢ rece 2 5440.25) oS 28 
(0.019 40.008) (00040010) 5 2 







@ DP-24NC 





29.88(1.176) 
30.48max.(1.200max.) 



















a3 
5s 
8s 
ss 
el€ 
Ele 
0.48 +0.1 2.54 +0.25 418 
(0.019 + 0.004) (0.100 + 0.010) “s 
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PACKAGE INFORMATION 





@ Dual-in-line Plastic Unit: mm (inch) Scale 1/1 











@ DP-28C 





34.70 (1.366) 





\ 


35.6(t.402} 





9.64 (0.380) 
9.91max. 
(0.390max.) 


















0.89 13 10.16 
cress f oe ; 
E AS oe 15.26 (0.035) (0.051) q € 3 (0.400) 
Toi?) ei Ps § es 
o1S\is <2 Pet) 
ee won 2544025 ouseo ager) 
ty is 7 3.00) 
pesos 04840! 38 f eek 10.700 +0.010) (on190008) “SO 15 “poro-m 
.t.00 + 0.010) {0.19+0.00a) “GS 0-15 








@DP-28N 


36.0(1.417) 
je ee 
37.32max.(1.470max.) | 
iS 





6.60 | 
: (0.260) 


7.3max. 
(0.287max.) 






! 18 
1.30(0.051) 






I) 


2.54min. 5.08max. 


(0.100min.) (0.200max.) 





0.48+0.1 2,54+0.25 








(0.019+0.004) (0.100 +.0.010) 








41.9(1.650) 





@ DP-32 


2 

32 82.5max.(1.673max.) 7 3 
B 

R\s 

Ww) x 

| & 

g| 

213 







ford 
: ~ 
£2 x 
—EE& x9 
—-—--S SE 
mstEs 

pa 
ef ilox 
oo 




























2.54£0.25 


(0.100 + 0.010) (0.019 +0.004) 


2.54min. 
(0.1 00min.) 







52.8(2.079) 





(0.528) 
14.6max. 
(0.575max.) 





< 
e = x 
E &€ 6 
=-8-c& 
wsfEs 
ele [ox 
wow 















2.54+0.25 
(0.100 + 0.010) 


0.48+0.1 € 
(0.019+0.004) 3 
N 











(0.100min.) 
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PACKAGE INFORMATION 


@ Dual-in-line Plastic Unit: mm (inch) Scale 1/1 


52.8(2.079) 
§3.?max.(2. | | 4max.) 


a 

5 Os 
—-~ 29 
oS Ee 
NES 
nor 
oww 
“-—s 


(0.047) 


2.54min. 5.08max 
(0.100min.) (0.200max.) 


2.54+ 0.25 
{0.100 + 0.010) 





Applicable ICs 


DP-16B HM50256P Series, HM50257P Series, HM51256P Series, HM51256LP Series, HM51258P Series 

pp.18B | HM50464P Series, HM50465P Series 

HM53051P, HM511000AP Series, HM511000SP Series, HM511000HP Series, HM511001AP Series, HM511001SP Series, 
HM511002AP Series, HM511002SP Series 











DP-18C 





HM6168HP Series, HM6168HLP Series, HM6268P Series, HM6268LP Series, HM6167P Series, HM6167LP Series, 
HM6167HP Series, HM6167HLP Series, HM6267P Series, HM6267LP Series 


DP-20N 






HM514256P Series, HM514256AP Series, HM514256SP Series, HM514256HP Series, HM514258HLP Series, 
HM514258SP Series 





DP-22N HM6287P Series, HM6287LP Series 
HM6288P Series, HM6288LP Series, HM6788P Series, HM6788HP Series, HM6287HP Series, HM6287HLP Series, 
HM6787P Series, HM6787HP Series 





DP-22NB 





DP-24 HM6116P Series, HM6116LP Series, HM6116AP Series, HM6116ALP Series 

DP-24A | HM53461P Series, HM53462P Series 

DP-24N | HM6116ASP Series, HM6116ALSP Series 

HM6716P Series, HM6719P Series, HM6789P Series, HM6789HP Series, HM6208P Series, HM6208LP Series, HM6208HP Series, 
HM6208HLP Series, HM6708P Series, HM6207P Series, HM6207LP Series, HM6207HP Series, HM6207HLP Series, HM6707P Series 
HM6264P Series, HM6264LP Series, HM6264LP-L Series, HM6264AP Series, HM6264ALP Series, HM6264ALP-L Series, 

HM62256P Series, HM62256LP Series, HM62256LP-L Series, HM65256AP Series, HM65256BP Series, HM65256BLP Series, 











DP-24NC 








DP-28 
HN623257P, HN623258P, HN62321P, HN62321BP, HN62331P, HN62321EP, HN62331EP, HN62321AP, HN62331AP, HN58064P, 
HN58C66P, HN58C256P, HN27128AP, HN27256P, HN27512P 

DP-28N HM6264ASP Series, HM6264ALSP Series, HM6264ALSP-L Series, HM65256ASP Series, HM65256BSP Series, 





M628128P Series, HM628128LP Series, HM658128DP Series, HM65256ASP Series, HM65256BSP Series, 
HN27C101P Series, HN27C301P Series 
DP-40 HN62412P, HN62422P, HN62404P, HN62424P 
DP-42 HN62408P, HN624016P 


HM65256BLSP Series, HM63021P Series 
| H 
DP-32 
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PACKAGE INFORMATION 


@ CERDIP Unit: mm (inch) Scale 1/1 


@DG-20N @DG-22N 


25.16(0.991) 
27.18(1 070) 


| 
He 1.54(0.061)—-H4e- It 
(0.040) (0.061) 1.01(0.040, 


2.54min. 5.08max. 
(0.1 00min.) (0.200max.) 

2.8min.. 5. 84max. 
(0.110min.) (0.230max.) 


0.48 + 0.1 2.54 +0.25 
54 t 0.2 .48 + 0.1 
(1000010) (0.019.000) (0.019+0.004) (0.100 + 0.010) 


@DG-24V 


29.75 
(1.171) 





0.48401 
019+0.008) 


0.015min.) 


jo ae 


(0.100min.)} 5 


——— 


HOC TOs 
2.54+0.25 | 


(0.100+0.010) 0.48+ 0.1 
(0.019 0.004) 


89max. 
(0.231 max.) 


2.54min. 


© DG-28N 


34.71(1.367) 


ah 
0.93(0.037) 1.4(0.055) 10.16(0.400) 


28min. 5.30max 
(0.1 10min.) (0.209max.) 





0.48+0.1 2.54+0.25 
(0.019 + 0.004) (0.100 + 0.010) 
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PACKAGE INFORMATION 


@ CERDIP Unit: mm (inch) Scale 1/1 






(1.650) 






®DG-40A 


52.07(2.050) 











15.24(0.600) 


(0.248max.) 













































1 
1.32(0.052) 


TAY 


(0.100 + 0.010) (0.019 +0.004) 














0.252041 


(0.01022-998) 


re 





0.51 min, 


(0.100max.) 





(0.100min.), 


Applicable ICs 











DG-20N | HM10480-15, HM100480-15 

DG-22N | HM10490-15, HM100490 Series 

DG-24V HM10500-15 
HN27128AG Series, HN27256G Series, HN27C256G Series, HN27C256AG Series, HN27C256HG Series, 
HN27512G Series 

DG-28N | HM10494 Series, HM100494 Series 

DG-32 HN27C101G Series, HN27C301G Series 

DG-40A | HN27C1024HG Series 























DG-28 
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PACKAGE INFORMATION 


®@ Zigzag-in-line Plastic Unit: mm (inch) Scale 1/1 


2561(1 008) _ 
26 |imax (1 OZ8max.) 





20.13(0.793) 
20.65max.(0.813max.) 


8.30max. 


ee 


10.16max. 


@.1 10min. )(0.400max.) 


a ee 


2.80min. 


—f\_ 02548 ee a| 
LAT oorga) ace |. pL AZTODSOY 


04g +0.) 3 (0.020"%%) 
(0.019 + 0.004) = 2.54(0.100) 
Lr} > fy t v | 
PV 


2.54(0.100) 


2.80min. (0.266) 
(0.1 10min.) 


112) ¢ 








= 30.50(1.201) ons 35.58(1.401) 
31.00max.(1.220max. | | 36.5 7max.(1.440max.) 


10.!6max. 


_ (0.110min.) (0,400max.) 


l 0.2578 33 


if (0.01079 904) 


2.54(0.100) 


1 


| 0.5079 12 1.27(0.050) 


(0.02078 $93) 
ee > 


ae eee 
8.71(0.343) 
2.80min. 10.16max 


(0.110min.) (0.400max.) 








RUE |» A | | | | | | | | | eV 





Applicable ICs 
ZP-16 HM50256ZP Series, HM50257ZP Series, HM51256ZP Series, HM51256LZP Series 

HM514256ZP Series, HM514256AZP Series, HM514256SZP Series, HM514256HZP Series, HM514258AZP Series 
ZP-20 HM514258SZP Series, HM511000AZP Series, HM511000SZP Series, HM511000HZP Series, HM511001AZP Series, 
HM511001SZP Series, HM511002AZP Series, HM511002SZP Series 

ZP-24 HM53461ZP Series, HM53462ZP Series 

ZP-28 | HM534251ZP Series, HM534252ZP Series, HM534253ZP Series 
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PACKAGE INFORMATION 





@Flat Package Unit mm (inch) Scale 1% 


@FP-24D @FP-28D 


15.80(0.622) 
18.30(0.720) 
(8.75max.(0.750max.) 


1180+ 0.30 
(0.465 + 0.012) 
11.80 + 0.30 

(0.465 + 0.012) 


0.1723 38 0.1722 3 
(0.007 + 0.003) (0.007 + 0.003) 


| (0.035 
a 


1.27+ 0.15 
0.40%?! (0.050 + 0.006) 


(0.01679 904) 


0 002 


{0.098max.) 
2 50may 
(0.098max.) 


1.27+0.15 
0.4083, (0.050 + 0.006) 
(0.01623 994) 


(0.004min ) 
(0 004min.) 


@FP-28DA @FP-32D 





18.30(0.720) 


11.86 20.30 

(0 465 0 012) 
14.1357 4 
(0.55679 9!) 


- 
os] 
Ee 
wo 
z 
o 
x 
3 
€ 
Aas 


0.172839 0.2273 3 
(0.007 + 0.003) (0.00949 905) = 


Pa Veen roe eee 
EUUERDOEE BORE ES 


(0.01679 Oo9) |.27(0.050)} 
foto. 12(0.005)@] o 


(0.035) 


3.00max 
(0.1 18max) 


1.27£0.15 
0.40%e), (0.050 0.006) 
(0.01679 9%) 


0 002 


(0.004min.) 
(0. 120max.) 


@FP-44A @FG-20D 


17.2 £0.3(0.677 0.012) 


14.0(0.551) 2.90(0.114)max 


0. 1(0.004) 


t 1.68max.(0.460max.) 
SQ 
(STAND OFF 0 


17.2 +0.3(0.677 +0.012) 
14.0(0.551) 


0.15+0.05 


9.35+0.05 
(0.006 + 0.002) 


(0.014+0.002) 


24.5max.(0.965max.) 
(0.394max.) 


0.13£0.08 

1 e i (0.005 +.0.002) 
yy 0.95+0.19 

0.43+0.1 1.27402 2 — (0.037 +0.007) 


(0.017 +0.004) (0.050+0.008)  2.35max. 
{0.093max.) 
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PACKAGE INFORMATION 


@ Flat Packages (continued) 


@ FG-28D 


8.38 £0.08 
{0.330 £0.003) 
0.23 £0.05 
(0.009 + 0.002) 
9.53 (0.375) 
9.27 (0.305) 


0.76 £0.08 
. (0,030 + 0.003) 
mocgooaaoonoG 


{0.65 =0. 


13.82 (0.544) 
13.52 (0.532) 


2/8 

38 = | 

o 3 > 

Hy S aff 

oe o ale 

sts u ELE 

os =e - 
Is 


(0.005 £0.001) 


95 £0.19 
0.13£0.03 


27.94min. 3\2 


= (.Imin.) ak 
| 


10.2max. & (0:402max) 


= 
5 
bas 
3 
H 
5 
3 
ls 





2.16 10.085) 


=0.012) 
0.13 $0.03 
(0.005 + 0.001) 


(0.078 





Applicable ICs 


FP-24D | HM6116FP Series, HM6116LFP Series 

| HM6264FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series, HM6264ALFP Series 

HM6264ALFP-L Series, HN58C65FP Series, HN58C66FP Series, HN58C256FP Series 

[ HMez64FP Series, HM6264LFP Series, HM6264LFP-L Series, HM6264AFP Series, HM6264ALFP Series 

HM6264ALFP-L Series, HM62256FP Series, HM62256LFP Series, HM62256SLFP Series, HM65256BFP Series, 
HM65256BLFP Series, HN623257F, HN623258F, HN62321F, HN62321BF, HN62331F, HN62321EF, HN62331EF, HNS8C65FP, 
HN58C66FP, HN58C256FP, HN27C256FP 

HM628128FP Series, HM628128LFP Series, HM658128DFP Series, HM658128LFP Series, HN62321AF, 








FP-28D 





FP-28DA 





HN62331AF, HN62304BF, HN62324BF, HN27C101FP, HN27C301FP 
FP-44A | HN62412FP, HN62422FP, HN62404FP, HN62424FP, HN62408FP 
FG-20D | HM101500F- I> 









HM 101SWF- 15 
HM 10049F Series 





@ TSOP Packages 


@ TFP-32D @ TFP-32DA 


8.0(0.315) 
8.0(0.315) 


_ 


7 
= 
co 
oO 
bs 
s 
— 
S 
= 
“ 
4 

6 


_ 


0.50(0.020) 


0.2040. 10 
(0.00820.004) ([0.08(0.003)@) 











Qmin 


fs] 0. 100,004) 


(e>]0.10(0.004)] o/S ° 0.5040.10 
(0.02020.004) 


(0.02020.004) 
14.040,2 
(0.55140. 008) 


0.15+0,05 


(0. 05max) 
(0,00620.002) 


20.020. 2(0.78720.008) 
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—————— PACKAGE INFORMATION 
@ Leadless Chip Carrier 


@® CG-22A @ CG-28A ® CG-28B 


2.2+0.25 
12.45+0.3 a 6.35 +0.2(0.25 + 0.008) (0.087 +0.010) 
(0.49+0.012) 


Lt 














7.37+0.3 
(0.29+ 0.012) 


8.89 + 0.2(0.35 + 0.008) 
(0.46575 :008) 


2..max. 
(0.083max.) 


(0.33923 Oe) 








@ Flat Package (J-bend Leads) 


@ CP-20D 


1339 = 0 42(0.527 + 0.005) 
12.45(0.490) 2 angi 

Sos (0.094% 988) 

0.63min. (0.025min.) 


0.020) 


+ 


+6.9(0.665) 
20 17.27max.(0.680max.) W 


8.18+0.12 
(0.322 + 0.005) 

7.34(0.289) 
+ 0.5(0.248 


6.29 
7.62(0.300) 
8.51+0.13 

(0.335+0.005) 
(0.26440.041) 


3.40 +0.2 
(0.134 + 0.008) 


fa]O. 10(0 004) 
(SEATING PLANE) 043+ 0.107] 


(0.017 + 0.004) 





[Q[0.1(0.004)] 
(SEATING PLANE) 
0.43 £0.10 
(0.017 + 0.004) 


3.50+0.26 
(0.138+0.01) 


@ CP-24D @ CP-28D 


2.49821 24 Re 


008) 
15.63(0.615) (0.09475:S08) ; (0.094*2-908) 
a 16 .00max (0. 63max) ; 0.63min. (0.025min.) 18.54(0.73)max 0.63min. (0.025min.) 
{ 


7,62(0.30) 

(0.340+0.005) 
10. 16(0.4003 
14. 18+0.13 
(0.440+0.005) 
9.4+0.25 
(0.370+0.01) 


0.74(0.029) 


opeg= eae 
0.029) 


O10.1010.004) ve 


3,540.26 
(0.13840.01) 


= 5+0 26 
138+0.0!) 


[Sl o. 10/0, 
(SEATING PLANE) 
1. ; 2 (SEATING PLANE) 
eae —oo 0.43+0.10 


(0.017+0.004) 0 0170.04 
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PACKAGE INFORMATION 


@ Flat Packages (J-Bend Leads) (continued) Unit: mm (inch) Seale 114 


@ CP-32D 


24°32 


26.16{1.020)mas. (oogass sey 


(0.09478 
63min. (0.025min) 


9440.25 
(0. 3700.01) 
10.16(0 400) 
19.18 0.13 
(0.440 + 0.005) 
9.40(0.370) 


0. 74(0.029) 
v fora 
‘ 19.025) 


3.540.26 
(0.13840.01) 
fo: 1040, boa), * ) | 99 aponngnongoncooooN) 
(SEATING PLANE) 
0.4340.10 21g, 080) 


—_ 
0.63{0 025}min. 


3.50 20.26 
(0.138 + 0.01) 


0.43798 
10.0170. 004) 
Bourg sy 


El ties) 


‘SEATING PLANE 


_ 20.07 + 012 

(0.790 + 0.008) 
? 15 
17,53 + 0.12(0.690 + 0.005) 


oo 


6 aa 40 


e 
S 
0.020) 
20.12 
{0.790 = 0.005) 


17.53 + 0.12(0.690 +0.005) 
416.58(0.653) 
20.07 


15.50 +0.50(0.610 


a3 
7-3 


(0.753) 


48202 
(0.173 + 0.008) 


16.58(0.653) 


| ERE eee | 
COU UT) 


(SEATING PLANE) rf 
et EOE EOS 


"(0.710 + 0.020) 


[5[o.1010,004)] AY 
(SEATING PLANE) 1,27{0.050) 


15.50 ¢ 0.50(0 610 +0 020) 


46202 
(0 173 =0.008) 


(0.100 + 0.006) 





Applicable ICs 








CG-22A | HM6787CG Series, HM100490CG Series 
CG-28 | HM10490CG-15 

CG-28A HM2144CG Series, HM10480CG-13 HM10ISWCG-15 
HM100500CG-18 
HM50464CP Series, HM50256CP Series, HM50257CP Series, HM51256CP Series, HM51256LCP Series 
HM514256JP Series, HM514256AJP, HM514256SJP Series, HM514256HJP Series, HM514258AJP Series, HM514258SJP Series, 
CP-20D | HM511000AJP Series, HM511000SJP Series, HM511000HJP Series, HM511001AJP Series, HM511001SJP Series, 

HM511002AJP Series, HM511002SJP Series ; 

HM6288JP Series, HM6288LJP Series, HM6289JP Series, HM6289LJP Series, HM6789JP Series, HM6789HJP Series, HM6287HJP 

CP-24D | Series, HM6287HLJP Series, HM6787HJP Series, HM6208HJP Series, HM6208HLJP Series, HM6708JP Series, HM6207HJP Series, 
HM6207HLJP Series, HM6707JP Series, 

CP-28D | HM624256JP Series, HM534251JP Series, HM534252JP Series, HM534253JP Series 















































CP-32D | HM624257JP Series, HM624257LJP Series == #2 = = 
CP-40D HM538121JP Series, HM538122JP Series, HM538123JP Series 
HM67C932 Series 



































HM62A 168 Series, HM62A 188 Series 
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M@ RELIABILITY OF HITACHI IC MEMORIES 





1. STRUCTURE 

IC memories are basically classified into bipolar 
type and MOS type and utilized effectively by their 
characteristics. The characteristic of bipolar memo- 
ries is high speed but smal! capacity, instead, MOS 
memories have large capacity. There are also dif- 
ferences in circuit design, layout pattern, degree of 
integration, and manufacturing process. These 
memories have been produced with the standardized 
concept of design and inspection all through the 


@ Table 1 Basic Cell Circuit of IC Memories 








Classification 


Buffer memory, 
control memory 
of high-speed 
computer 


Application 


Example of 
basic cell 
circuit 


Dies of IC memories are produced in various pack- 
ages. In this process of packaging, Hitachi has also 
innovated new techniques and ensured to high level. 
As packages for IC memories, cerdip (glass-sealed) 
packages and plastic packages are currently used. 
Also such packages as LCC (Leadless Chip Carrier) 
or SOP (Small Outline Package) have been devel- 
oped for high density packaging. Cerdip packages 
sealed hermetically are suitable for equipment re- 
quiring high reliability. Plastic packages are widely 
applied to many kinds of equipment. Hitachi 
plastic packages have been improved the reliability 


@ Table 2 !C Memory Package Outline 





Bipolar memory Bipolar memory NMOS memory 
(RAM) (PROM) (Dynamic RAM) 

Microcomputer 

control use 


Pa 


@ 20 Pin 


processes of designing, manufacturing and inspec- 
tion. 

1C memories are constituted by the unit patterns 
called cells, which are integrated in high density. 
The knowhows based on our experience have been 
applied in every production stage. In addition, re- 
liability has been ensured using TEG (Test Element 
Group) evaluation. Examples of cell circuits of 
bipolar and MOS memories are shown in Table 1. 












; Maristas NOM 

Static RAM (FROM) 
Main memory of computer, A Se eee 
microcomputer memory control 





level as highly as that of the hermetically sealed 
packages. Table 2 shows the outlines of the Hitachi 
packages. 


@ 24 Pin 
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Reliability of Hitachi IC Memories 
@ Cerdip (continued) 


® 28 Pin with Lid @ 32 Pin with Lid 


® Plastic DIP 
® 16 Pin ® 18 Pin @ 24 Pin 


@ 24 Pin @ 28 Pin 


® Leadless Chip Carrier 
®@ 20 Pin @ 22 Pin @ 24 Pin 


> 


= PLCC #SOJ 
@ 24 Pin © 28/32 Pin @ 18 Pin @ 20/26/28/32 Pin 


ef # 
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2. RELIABILITY 


Results of reliability tests are listed below. 


2.1 Reliability Test Data on Bipolar Memories ty control, there is no difference in reliability 
The reliability test data on the bipolar memories are among the various types. And the larger the capac- 
shown in Table 3 and 4. Since they are manufac- ity is, the higher the reliability per bit becomes. 


tured under the standardized design rules and quali- 


® Table 3 Results on Bipolar Memory Reliability Test (1) 
HM10480-15 









HM2144CG 





















Test item Test Total Failure Test Failure 
be component . tate* AA rate* 
condition ples hours ures (1/hr) condition (1/hr) 








High- 
temperature 
(Operating) 






Ta=125°C 


340 C.H. i/h Ta=125°C 
VEE=-5.2V 3.4x10° 2.7x10°° | VEE=-5.2V 
Tg=200°C 3.51x105 po | 2.6x10°5 | Ta=200°C 


* Confidence level 60% 










High-temp 
storage 





@ Table 4 Results on Bipolar Memory Reliability Test (2) 











HM10480-15 HM2144CG 
Test item Test condition 
Samples Failure Samples Failures 
Temperature cycling -55°C to +150°C, 10 cycle 160 | oo | 180 0 











Soldering heat 260°C, 10 seconds 
Thermal shock 0°C to +100°C, 10 cycles 


5 
wer 50 
Mechanical shock 1500G, 0.5ms, Three times each for X, 30 0 22 
Y and Z 
Variable frequency 100 to 200 Hz, 20G, Three times each 40 0 22 0 
for X, Y and Z 


Constant-acceleration 20000G, 1 minute, each for X, Y and Z 0 


2.2 Reliability test data on Hi-BiCMOS memory 

Hi-BiCMOS memory is newly designed based on the listed in table 5 and table 6. 

latest fine machining technologies (2m ~ 1m), The above shows the sufficient reliability of high 
which features low electric consumption / high speed Hi-BiCMOS in the normal use with some 
integrity by CMOS and high speed / high drivability limitations considered from its own circuit com- 
by bipolar. This device also attains high speed close position. For further information, see each data 
to ECL and low electric consumption as CMOS. sheet. Besides the caution points with CMOS and 
Input and output level supports both ECL and TTL. bipolar device, avoid abnormal use as in deformed 
Reliability test data of HM100490-15 (64k-words x or slow wave form which causes malfunction and 
1-bit) and HM6788P-25 (16k-words x 4-bits) are latch up. 


o;Oo;o 





Table 5 Results on Hi-BiCMOS Memory Reliability Test (1) 






























































HM100490-15 (Cerdip) HM6788P-25 (Plastic) 
i 7 : i i Remarks 
Test item Test Total test|,.: Failure |Test item Test Test test F Failure 
condition Samples time omits rate condition Samples time Failures tate 
| ie 
*1 
; Ta = 125°C CH. “1 ifh 
High- a 420 1 6 | foreign 
fenperk: Vcc =5.0V 4.2x105 ABxi0 Oa. 
ture Ta = 125°C 380 C.H. 0 i/h 
pulse VEE=-4.5V 3.8x105 2.4x10°6 SS 
a Moisture ° 
fon. endur- |8C85%RH | 919 | 21x105| 0 [4.810% 
ance 
High- 
can Ta=200°C | 330 |3.3x10°| 0 /3.0x10- Sere 121°C100%RH| 80 lo.t6x10! 0 |6.3x10° 
storage | | [ os eee 
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Table 6 Results on Hi-BiCMOS Memory Reliability Test (2) 


Picea See HM100490-15 (Cerdip) | HM6788P-25 (Plastic) 

Ss 

Temperature cycling -55°C~-150°C 100 cycles | 180 | Oo | 18 | 0 

Soldering heat 250°C 10 seconds are See 0 
0 50 


Thermal shock 0°C ~ 100°C 10 cycles 5 0 


: 1500G, 0.5ms Three times each 
Mechanical shock for X, Y and Z 


a 





100 ~ 200Hz, 20G Three times each 
for X, Y and Z 


20000G, 1 minute, each 
for X, Y and Z 






Variable frequency 





Constant acceleration 


2.3 Reliability test data on MOS memories The life test is performed at high temperature and 
2.3.1 Reliability test data on MOS DRAM and high voltage to evaluate the reliability of products 
SRAM using fewer samples. All failures are caused in 


Table 7 and table 8 shows the reliability test data on manufacturing process, so we feedback the data into 
the representative types of 1M DRAM (HM511000/ manufacturing process to improve the quality and 
HM514256), 256k SRAM (HM62256) 1M SRAM reliability. 

(HM628128FP). 


® Table 7 Reliability Data on 1M DRAM 
HM511000P/HMS14256P HM511000JP/HM514256JP 
Series (DIP) Series (SOP) 
Total Fail- por Total Fail- poe 
test time | ures (i/hr) total time | ures (1/hr) 


ascissv_ [300 | 600n10*| 0 [is3x10*| 200 | cooa0% | 0 [22007 















Test 


Test item condition 


Remarks 














High- 

temperature, | 125°C/7V_|1252 | 4.0x10° | 1* | 4.48x10° | 3186 | 9.34x105 | 0 | 9.85x1077 

ulse operation 

sauibes 150°C/7V 4.00x10% | 0 | 2.30x10% 4.00x10* | 0 | 2.30x10° | Gide ram 
Moisture 85°C 85% RH 7 _, | Failure x1 
oa e4oxio* | 0 | 1.10x10%| 682 | 1.36x10¢ | 0 | 6.74x107 

pearly re 4.50x10* 0 | 2.04x10°5 6.00x104 a 1.53x10°S 





* Confidence level 60% 


® Table 8. Reliability Data on 256K and 1M SRAM 














HM62256FP (SOP) 


Sam-| Total 
ples | test time 
3088 | 3.11x10® 











HM628128FP (SOP) 


Total Fail- ae 
total time | ures (1/hr) 
























Test 
condition 









Failure Remarks 
rate* 


(1/hr) 


Test item 









ures 

















oo 125°C/5.5V | 0 | 8.88x10"7 | 1038 | 1.04x10° | 0 | 8.86x10"7 

ig - 

temperature | 125°C/7V 4.55x10° | 0 | 2.02x10" 5,33x10* | 1** | 3.79x10 | poreien x2 
1 ti 

Puise operas 1 150°C/7V._| 103 | 1.00x10° 2.02x10| 80] 1.60x105 | 0 | 5.75x10° 
‘ ° * 

Moisture 85°C/85% | 680 | 6.80x105 1.35x10¢| 127] 2.54x108 3.62x10° | 2 Leak x1 

endurance RH 7V 

Peeeslte 121°C/100% | 359] 6.40x10* | 1*? | 3.16x10°5 2.70x10* 3.41x10°5 

cooker RH 





* Confidence level 60% 
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2.3.2 Reliability Test Data on EPROM 

EPROM has two types; conventional EPROM with 
transparent window and one time programmable 
ROM (OTPROM) packaged in plastic package. Table 


9 shows reliability test data on the representative 
EPROM types 512k EPROM  (HN27512, 
HN27512P), 1M EPROM (HN27C101, HN27C301). 


@ Table 9. Reliability Data on 512K and 1M EPROM 


HN27512 (Cerdip/Plastic) HN27C101/HN27C301 


Total | Fail-| Failure Total | Fail- 

test time | ures (1/hr) total time | ures 
125°C/5.5V 3.72x105 2.4710 | 180 | 3.24x105 

125°C/7V 7.95x105 | o | 1.16x10° | 327 | 6.54x105 f208" | 1.41x10° 
















Test 
condition 








Test item Failure Remarks 
tate* 


(i/hr) 
2.84x10°6 











High- 
temperature 
operation 





*] 
Data 
dissipation x 49 











— 


Sa maior] 0 
‘rise [aso [aornio™ | 0 [emma] 150 78x10" | 0 [uapai0* 


High- 
temperature 1 
bake 


250°C 1.89x105 4.44x10°5 3.07x105 | 40** | 1.30x40™ 
85°C/85% : a 
aces $.22x10 po 1.76x10 


* Confidence level 60%. 


Moisture 


endurance Data of 512K 


-[ - [-[| - | OTPROM 
Pressure 
cooker 





The failure shown in table 9 is due to the data dis- 
sipation in memory cells. Getting thermal energy, 
electrons in memory cells are activated and go 
through the floating gate. In actual usage, however, 
it has no problem because this phenomenon de- 
pendes on temperature (about 1.0eV of activated 
energy) greatly. The moisture resistance of 
OTPROM is also satisfactory. 


Table 10 shows the example of PROM derating. 
When derating, the parameter is generally only the 
temperature because other operating conditions are 
specified. Especially to lower the junction tempera- 
ture during mounting is important for stabilizing the 
operation relative to access time, refresh time and 
other characteristics. 


@ Table 10 Example of HN27C101/HN27C301 Derating 





Factor Temperature 





Electrical Characteristics, 


Failure criteria Function Teat 


Increase of leak current 


Fai chani 
ilure mechanism and others 





Results: 
The result from high temperature baking of PROM 
is shown in the right figure. 








Note: Decreasing junction temperature shown in the figure will promise ie IAW lt penaniaty The junction temperature 
oO 


can be calculated by a formula : Tj = Tg + 9jg°Pq 
70°C/W with 2.5 m/s air flow. 


9jq in about 100 





with no air flow and about 60 to 
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2.3.3 Reliability Data on MASK ROM 
Table 9 shows the reliability test data on 2M and 
4M bit MASK ROM. MASK ROM is patterned ac- 


cording to ROM information in manufacturing 
process, so data dissipation isn’t occurred in high 
temperature like EPROM and EEPROM. 


@ Table 11. Reliability Data on 2M and 4M MASK ROM 














HN62412P (Plastic) 






























Test item tie a Seisut ratet ee lea Remarks 
SA ae be 
operston 1.2x10* | 0 | 7.67x10° | 300 | 3.0x108 
ee 1.2x10° Fo | 7.67x10% | 120 120x105 | 0 
rege | elke snot | o | aaaot | 4s | 23eot| 0 


* Confidence level 60%. 


2.3.4 Reliability Data on MOS Memory (The result 
of environment test) 

Table 12 shows examples of each environment test 

data. They show good results without any failure 

even in severe environment. 

V+ of MOS transistor is one of the basic process 


@ Table 12 Reliability Data on MOS Memories 








Test item 










Temperature cycling 


-55°C to 150°C 
500 cycle ay 


-65°C to 150°C 17 
15 cycle 


Temperature cycling 


Thermal shock 





Soldering heat 
Mechanical shock 1,500G, 0.5ms 


Variable frequency 


Constant-acceleration 





6000G 


2.4 Change of Electrical Characteristics on IC 
Memory 

The degradation of Icgo and hee are the main 

factors of degradation in inner cell transistor of 

bipolar memory. In actual element designing, how- 










HM511000P |HMS11 000JP 
(DIP) (SOJ) 


~ 


260°C, 
| ircconas | 72| © | 22] 
Peg oes ee see 
100 to 2,000Hz 
Fe: eae eet el es 
[Ce a ay 





HN62404P (Plastic) 














parameters in MOS memory, which has almost no 
change using surface stabilization technology and 
clean process. Figure 4 shows the examples of time 
changes for 1M DRAM; Vpp min. (Vmin) and 
access time (trac) in high temperature pulse test. 






HM62256FP|/HM628128FP 
(SOP) (SOP) 


Fail- Fail- 
ures ures 


Po [lo 
co 
ono 

= 


ever, it is designed to operate in the range at which 


no degradation happen. Therefore no change of 


characteristics including access time are observed. 
Time dependence in access time for HM10470 are 
shown in Fig. 1. 


EPROM 
(Cerdip) 


Remarks 


Ww 
> Ww 
foo} N 
N Co 

N 

~ 

\o 

oO 


~ 


> 
wl w}lwl wv a 
col co [eo] Oo 
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Figure 1 Time change in access time for bipolar memory 


Test condition 
Failure criteria 
Failure mechanism 


















Test Condition 










Vee=—5.2V Maximum 
Results: Ta=25T Dave rage 
Marching Pattern Minimum 


Access time is stabilized. 





0 500 1,000 ; 


Time (hr) 






Figure 2 Time change in access time for Hi-BiCMOS memory 


Example of time change in access time for Hi-Bi CMOS memory 





Device name HM100490 


Test condition Ta = 125°C, Veg =-4.5V 
all bit scanning 


Failure criteria t4A = 15ns 
Failure mechanism Surface degradation 


Results: 
Access time is stabilized, 













Test Condition 
Vee =—4.5V 4 

= Maximum 
Ta=e50 : A\ erage 


Marching Pattern Minimum 
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Figure 3 Time change in Vcc min and t4,4 for Hi-BiCMOS memory 




































5 
Test condition Ta = 125°C, Voc = 5.0V 
all bit scanning > 4 
E 
P ; r : 

Surface degradation 8 2b -Test Condition st be 

Results: Vec=SV Average 

Both of Vcc (min) and t, 4 are stabilized. Ta=25T Minimum 

Marching Pattern 












500 1,000 
Time (hr) 


Test Condition 
Same as above 


fj} 4 















500 1,000 


Time (hr) 


Figure 4 Time change in Vpp min and tgac for MOS memory 


Example of time change in Vpp min and tp4c for MOS memory 


Test condition Ta =125°C, Voc = 7V 
all bit scanning 
Failure mechanism Surface degradation 


Results: 
Access time (t4 4) is stabilized and is within the failure 
















$—_ fs 








Test Condition 









Neos > Maximum 
criteria, being edits } Average 
‘a=25°C 3 
Minimum 


N=200 pes 











500 1,000 


Time (hr) 








Test Condition 
Same as above 


Note: Test accuracy is 0.2V, 2ns. 





1,000 
Time (hr) 
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2.5 Failure Mode Rate 

Figure 5 and 6 show examples of failure mode 
happened in users’ application. Since |C memories 
require the finest pattern process technology, the 
percentage of failures, such as pinholes, defects on 
photoresist and foreign materials, tends to increase. 
To eliminate the defects in the manufacturing 






Defective Insulation 
Layer Due to Foreign 


Materials 9% 


Pinholes 


13% 










Dees Photo- 
lithography 
10% 









Defective 
Metalization 


2% 








Statistics 
for 1985~1987 
10 ~ 50FIT 






Non 
reappearing 
Failures 


271% 








Destruction 


32% 


Figure5 Failure Mode Rate of Bipolar Memory 


3. Reliability of Semiconductor Devices 


3.1. Reliability Characteristics for Semiconductor 
Devices 
Hitachi semiconductor devices are designed, manu- 
factured and inspected so as to achieve a high level 
of reliability. Accordingly, system reliability can be 
improved by combining highly reliable components 
along proper environmental! conditions. This 
section describes reliability characteristics, failure 
types and their mechanisms in terms of devices. 

First, semiconductor device characteristics are 

examined in light of their reliability. 

(1) Semiconductor devices are essentially structure 
sensitive as seen in surface phenomenon. Fab- 
ricating the device requires precise control of a 
large number of process steps. 

(2) Device reliability is partly governed by elec- 


Reliability of Hitachi Memories 


process, Hitachi has improved the process and 
performed 100% burn in screening under high tem- 
perature. Hitachi has been collecting and checking 
customers’ process-data and marketing data for 
higher reliability of our products. To analyze them 
is very helpful for the improvement of designing and 
manufacturing. 










Oxide 
Film Failures 





10% 







Defective Photo- 
ography 


13% 













Statistics 
for 1985~1987 
10 ~ 100FIT 






Destruction 30% 


Figure 6 Failure Mode Rate of MOS Memory 


(4) Semiconductor device technology advances 
drastically: Many new devices have been 
developed using new processes over a short 
period of time. Thus, conventional device re- 
liability data cannot be used in some cases. 

(5) Semiconductor devices are characterized by 
volume production. Therefore, variations 
should be an important consideration. 

(6) Initial and accidental failures are only con- 
sidered to be semiconductor device failures 
based on the fact that semiconductor devices 
are essentially operable semipermanently. 
However, wear failures caused by worn mate- 
rials and migration should be also reviewed 
when electrode and package materials are not 
suited for particular environmental conditions. 


trode materials and package materials, as well as (7) Component reliability may depend on device 

by the coordination of these materials with the mounting, conditions for use, and environment. 

device materials. Device reliability is affected by such factors as 
(3) Devices employ thin-film and fine-processing voltage, electric field strength, current density, 

techniques for metallization and bonding. Fine temperature, humidity, gas, dust, mechanical 

materials and thin film surfaces sometimes stress, vibration, mechanical shock, and radia- 

exhibit physically different characteristics from tion magnetic field strength. 

the bulks. 
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Initial failure region 
: Declining failure rates (m<1) 

















Wearout failure region 
: Rising failure rates (m>1) 





Reduced failure rate 
by maintenance 
Speicfied failure rate 


Failure rate Aw 


m : Weibull distribution 
form parameter 


t 

| Random failure region 

: Constant failure rates (m=1) 
t 


Useful longevity ———_1—_—_—_- 


~~ 


——i 
Time (t) 


Figure 7 Typical failure rate curve 


Device reliability is generally represented by the 
failure rate. ‘Failure’ means that a device loses 
its function, including intermittent degradation 
as well as complete destruction. 

Generally, the failure rate of electric com- 
ponents and equipment is represented by the 
bathtub curve shown in Fig. 7. For semicon- 
ductor devices, the configuration parameter of 
the Weibull distribution is smaller than 1, which 
means an initial failure type. Such devices 
ensure a long lifetime unless extreme environ- 
mental stress is applied. Therefore, initial and 
accidental failures can become a problem for 
semiconductor devices. Semiconductor device 
reliability can be physically represented as well 
as statistically. Both aspects of failures have 
been thoroughly analyzed to establish a high 
level of reliability. 


3.2 Failure Types and Their Mechanisms 

3.2.1 Failure physics 

Failure physics is, in a broad sense, a basic tech- 

nology of “physics + engineering’. It is used to 

examine the physical mechanism of failures in terms 

of atoms and molecules to improve device reliabili- 

ty. This physical approach was introduced to the 

reliability field with the demand for minimized de- 

velopment cost and period, as technology rapidly 

developed and system performance increased, re- 

quiring more complex and higher levels of reliabili- 

ty. These conditions derived from the development 

of solid state physics (semiconductor physics) after 

World War II and associated device development. 

Failure physics have been employed to: 

1) Detect failed devices as soon as possible 

2) Establish models and equation used for failure 
prediction 

3) Evaluate reliability in short periods by acceler- 
ated life test 

The purpose of the failure physics approach is to 


contribute to reliability related fields such as 
product design, prediction, test, storage and usage 
by adding physics as a basic technology to conven- 
tional experimental and statistical approaches. 


3.2.2 Failure types and their mechanism 

Device failures are physically discussed in this 
section. Semiconductor device failures are basically 
categorized as disconnection, short-circuit, de- 
terioration and miscellaneous failures. These 
failures and their causes are summarized in Table 
11. Typical failure mechanisms are reviewed next. 
(1) Surface Deterioration 

The pn junction has a charge density of 10!4 — 
107°/em?. If charges exceeding the above density 
are accumulated on the pn junction surface, partic- 
ularly adjacent to a depletion layer, electric 
characteristics of the junction tend to be easily 
varied. Although the surface of such devices as 
planar transistors is generally covered with a SiO, 
film and is in an inactive state, the possibility of 
deterioration caused by surface channels still exists. 
Surface deterioration depends heavily on applied 
temperature and voltage and is often handied by the 
reaction model. 

One example of recent failures is surface deteriora- 
tion caused by hot carriers. Hot carriers are 
generated when such devices as MOS dynamic 
RAMs are operated at a voltage near the minimum 
breakdown voltage BVps by raising internal voltage 
and when a strong electric field is established near 
the MOS device’s drain resulting from reduced de- 
vice geometry from 2 um to 0.8 um. Generated hot 
carriers may affect surface boundary characteristics 
on a part of the gate oxide film, resulting in de- 
gradation of threshold voltage (V+4) and counter 
conductance (gm). Hitachi devices have employed 
improved design and process techniques to prevent 
these problems. However, as process becomes finer, 
surface deterioration may possibly become a serious 
problem. 

(2) Electrode-related Failures 

Electrode-related failures have become increasingly 
important as multi-layer wiring has become more 
complicated. Noticeable failures include electro- 
migration and Al wiring corrosion in plastic sealed 
packages. 

@ Electromigration 

This is a phenomenon in which metal atoms are 
moved by a large current of about 10° A/cm? 
supplied to the metal. When ionized atoms collide 
with current of about scattering electrons, an 
‘electron wind’ is produced. This wind moves the 
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metal atoms in the opposite direction from the 
current flow, which generates voids at a negative 
electrode, and hillock and whiskers at an opposite 
one. The generated voids increase wiring resistance 
and cause excessive currents to flow in some areas, 
leading to disconnection. The generated whiskers 
may cause shortcircuits in multi-metal line. 

@ Multi-metal line related failures 

Major failures associated with multi-metal line 
include increased leak currents, shortcircuits caused 
by a failed dielectric interlayer, and increased 
contact metal resistance and disconnection between 
metal wirings. 

@) Al line corrosion and disconnection 

When Plastic encapsulated devices are subjected to 
high-temperatures, high-humidity or a bias-applied 
condition, A! electrodes in devices can cause corro- 
sion or disconnection (Fig. 8). Under high-tempera- 
ture and high-humidity, corrosions are randomly 


High Temp and 
High Humidity 












High Temp and 
High Himidity 


and Bias 
Higher Potential Lower Potential 
Area Area 





Intergranular 
Corrosions 


Figure 8 Categorized Al corrosion mode 


Pit Corrosions Pit Corrosions 


generated over the element surface. However, after 
an extended period of time, the corrosions have not 
significantly increased. Accordingly, this failure is 
possibly due to an initial failure associated with 
manufacturing. It is also verified that this type of 
faiture can be generated when the adhesion surface 
between an element and resin is separated or when 
foreign materials are attached to the element with 
human saliva. Under a bias-appllied, high-tempera- 
ture, high-humidity condition, on the other hand, 
corrosions are generated in higher potential areas 
while in lower potential areas, grain corrosion 
occurs. Once this failure occurs in part of a device, 
the device can become worn out in a relatively short 
time. This failure proves to depend on the hydro- 
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scopic volume resistivity of sealed resin. The Al line 


corrosion mechanism described above is summarized 
in Fig. 9. 
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Figure 9 Plastic package cross section and Al corrosion 
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Figure 10 An Example of Moisture Resistance by High 
temp. and High humidity and bias 
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(3) Bonding related failures 

@ Degradation caused by intermetallic formation 
Bonding strength degradation and contact resistance 
increase are caused by compounds formed in con- 
nections between Au wire and Al film or between 
Au film and Al wire. These are the most serious 
problems in terms of reliability. The compounds 
are formed rapidly during bonding and are increased 
through thermal treatment. Consequently, Hitachi 
products are subjected to a lower-temperature, 
shorter-period bonding whenever possible. 

@ Wire creep 

Wire creep is wire neck destruction in an Au ball 
along an intergranular system occurring when a 
plastic sealed device is subjected to a long-term 
thermal cycling test. This failure results from 
increased crystal grains due to heat application 
when forming a ball at the top of an Au wire, or 
from an impurity introducing to the intergranular 
system. Bonding under usual conditions with no 
loop configuration failures does not cause this 
failure unless a severe long-term thermal cycling test 
is applied. Accordingly, wire creep is not a problem 
in actual usage. 

@) Chip crack 

With the increase in chip size associated with the 
increased number of incorporated functions, more 
problems have been occurring during assembly, such 
as chip cracks during bonding. Bonding methods 


include Au-silicon eutectic, soldering and Ag-paste. 
Soldering and Ag-paste exhibit few chip crack 
problems. For Au-silicon eutectic, in contrast, large 
stress is applied to a pellet due to its strength and 
high temperature resistance for attachment, which 
may result in critical chip defects. Today, the chip 
destruction limit can be determined by finite- 
element analysis and by distortion measurement 
using a fine accuracy gauge. Ideally, Au-silicon 
eutectic should be evenly applied over the entire 
surface. However, this is difficult due to the 
existence of a silicon oxide film on the silicon back 
surface. Therefore, specifications for Au-silicon 
eutectic have been established based on stress 
analysis and thermal cycling test results. 

@ Reduced maximum power dissipations 

For power devices, heat fatigue due to thermal 

expansion coefficient mismatch among different 

materials deteriorates thermal resistance. This 
results in decreased maximum power dissipations. 

(4) Sealing related failures 

Hermetic sealing packages, including metal, glass, 

ceramic, and all other types, have the possibility of 

the following failures. 

1. Al line corrosion on the chip surface due to slight 
moisture and reaction between the different 
ionized materials. 

2. Intermittent moving foreign metals short 

3. Al line corrosion due to extraneous HO caused 
by hermetic failure 

Moving foreign matter, even if it is a non-active 

solid, can be charged up within a cavity during move- 

ment, thereby inducing parastic effects and metal 
shorts. The foreign matter detection method is 
specified by MIL-STD-883C, PIND (Particle Impact 

Noise Detection) Test. The PIND test consists of 

filtering a particle impact waveform (ultrasonic 

waveform), detecting it with a microphone, and 
then amplifying. 

(5) Disturbance 

Electrostatic discharge destruction 

Destruction caused by electrostatic discharge is a 

problem common to semiconductor devices. A 

recent report introduced three modes of this failure; 

the human body model, charged device model and 
field induced model. 

The human body is easily charged. A person just 

walking across a carpet can be charged up to 15000 

V. This voltage is high enough to destroy a device. 

An equivalent circuit of the human body model is 

shown in Fig. 10. The human body’s capacitance 

Cb and resistance Rb are 100 to 200 pF and 1000 

to 20002, respectively. Assuming a body is charged 
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with 2000V, the dissipated energy is obtained as 
follows: With a time constant of 10°” sec, the dis- 
sipated energy is 2 KW, which is enough to destroy 
a small area of a chip. 


[tw 


(6) Rb Rd Re 


cb — Human Body Capacity 

Rb —- Human Body Resistance 

Rd—~ Device Resistance 

Re —- Resistance Between Device and Ground 


E= Cov? =0.2 x 1075 


Figure 12 Equivalent circuit of human body model 


In the charged device model, charges are accumulat- 
ed in a device, not a human body, and discharged 
through contact resistance during a short time. The 
equivalent circuit of this model is shown in Fig. 13. 
Device size and device position relative to GND are 
important parameters in this model since the model 
depends on device capacity. 

In the field induced model a device is left under a 
strong electric field or is affected by neighboring 
high voltage material. Since the capacitor of device 
or lead of device acts like an antenna, the following 
cases will possibly cause destruction. 1) a device is 
incorporated into a high electric field such as a 
CRT, 2) a device is left under a high-frequency 
electric field and 3) a device is moved with a con- 
tainer charged at high voltage, such as a tube. 


Va > NO 7 
oe i 
Siar Lae 


Figure 13 Equivalent circuit of charging model 


@) Latch up 
Latch up is a problem unique to CMOS devices. 


This problem is a thyristor phenomenon caused by 
a parasitic PNP or NPN transistor formed in the 
CMOS configuration. Latch up occurs when an 
accidental surge voltage exceeding a maximum 
rating, a power supply ripple, an unregulated power 
supply and noise is applied, or when a device is 
operated from two sources having different set-up 
voltages. These cases can cause input or output 
current to flow in the opposite direction from usual 
flow, which triggers parasitic thyristors. This results 
in excessive current flowing between a power supply 


Reliability of Hitachi IC Memories 


and ground. This phenomenon continues until the 
power is off or the flowing current is forced to be 
reduced to a certain level. Once latch upoccursin an 
operating device, the device will be destroyed. 
Much effort should be made in designing circuits to 
prevent latch up. Latch up triggering input or 
output currents start to flow under the following 
conditions. 

Vin <Vcc or Vin < GND for input level 

Vout > Vcc or Vout < GND for input level 
Therefore, circuits should be designed so that no 
forward current flows through the input protection 
diodes or output parasitic diodes. 
@) Soft errors 
When «a particles are generated from uranium or 
thorium in a package the silicon surface of an LSI 
chip, electron-hole pairs are formed which act as 
noise to data lines and other floating nodes, causing 
temporary soft errors. This phenomenon is shown 
in Fig. 14. Only electrons from among the electron- 
hole pairs are only collected to amemory cell. As a 
result, the cell changes from a state of 1 to 0, which 
is a soft error. 
Hitachi devices have been subjected to simulation 
and irradiation tests to prevent soft errors. In some 
cases, organic material, PIO, is applied to the surface 
of the device. 





Figure 14 Soft error caused by « particles in dynamic 
memory 
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Table 13, Failure causes and mechanism 


Failure related causes 


Passivation 


Metallization 


Connection 


Surface oxide film, 
Insulating film between 
wires 


Interconnection, 
Contact, Through hole 


Wire bonding, 
Ball bonding 


Failure mechanisms 


Pin hole, Crack, Uneven 
thickness, Contamination, 
Surface inversion, 

Hot carrier injected 


Flaw, Void, Mechanical 
damage, 

Break due to uneven 
surface, Non-ohmic 
contact, Insufficient 
adhesion strength, 
Improper thickness, 
Electromigration, 
Corrosion 


Bonding runout, 
Compounds between metals, 
Bonding position mismatch, 
Bonding damaged 


Failure modes 


Withstanding voltage 
reduced, Short, Leak 
current increased, 

hFE degraded, Threshold 
voltage variation, Noise 


Open, Short, 
Resistance increased 


Open, Short 
Resistance increased 





Wire lead 


Diffusion, Junction 


Die bonding 


Package sealing 


Internal connection 





Junction diffusion, 
Isolation 


Connection between die 
and package 


Packaging, Hermetic 
Seal, Lead plating, 
Hermetic pakage & 
plastic package, Filler gas 


Disconnection, 
Sagging, Short 


Crystal defect, 
Crystallized impurity, 
Photo resist mismatching 


Peeling chip, Crack 


Integrity, 

moisture ingress, 
Impurity gas, High 
temperature, Surface 
contamination, Lead 
rust, Lead bend, break 


Open, Short 


Withstanding voltage 
reduced, Short 


Open, Short, Unstable 
operation, Thermal 
resistance increased 


Short, Leak current 
Increased, Open, Corrosion 
disconnection, Soldering 
failure 





Foreign matter 


Input/output pin 


Disturbance 





Foreign matter in package 


Dirt, Conducting foreign 
matter, Organic carbide 





Electrostatistics, 
Excessive Voltage, Surge 


Electron destroyed 





a particle 


Electron hole generated 





High electric field 


Surface inversion 
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Short, Leak current 
increased 


Short, Open, Fusing 


Soft error 


Leak current increased 
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(6} Fine geometry related problems However power supply has not been scaled down 
In response to higher integration requirements for used for 5V, only line dimensions have been fined 
memories and microcomputers, LSI geometry has increasingly. Problems associated with finer geo- 
been reduced in the way of 3um>2um> 1.3 um metry are shown in Table 14. 

>0.8 um. 


Table 14. Finer geometry related problems 





Item Problems Countermeasure 








5V single supply voltage * Breakdown voltage of gate oxide films Oxide film formation process improved 
* SiO, defects + Cleaning 

» Gettering 

- Screening 





Horizontal dimension ¢ Soft errors by @ particles Surface passivation film improved 
reduction * Al reliability reduced * Metallization improved 

- CMOS latch up * Design/layout improved 

« Mask alignment margin reduced * Process improved 


¢ Hot carriers 








Vertical & horizontal * Higher breakdown voltage not permitted | Use of low voltage examined 


dimension reduction + Electrostatic discharge resistance reduced | * Configuration improved 
* Protection circuits enhanced 
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Hi QUALITY ASSURANCE OF IC MEMORY 


1. VIEWS ON QUALITY AND 
RELIABILITY 


Hitachi basic views on quality are to meet individual 

users’ purpose and their required quality level and 

also to maintain the satisfied level for general ap- 

plication. Hitachi has made efforts to assure the 

standardized reliability of our IC memories in actual 

usage. To meet users’ requests and to cover expand- 

ing application, Hitachi performs the followings; 

(1) Establish the reliability in design at the stage of 
new product development. 

(2) Establish the quality at all steps in manufactur- 
ing process. 

(3) Intensify the inspection and the assurance of re- 
liability of products. 

(4) Improve the product quality based on market- 
ing data. 

Furthermore, to get higher quality and reliability, 

we cooperate with our research laboratories. 

With the views and methods mentioned above, 

Hitachi makes the best efforts to meet the users’ re- 

quirements. 


2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 


2.1 Reliability Target 

Establishment of reliability target is important in 
manufacturing and marketing as well as function 
and price. It is not practical to determine the re- 
liability target based on the failure rate under single 
common test condition. So, the reliability target is 
determined based on many factors such as each 
characteristics of equipment, reliability target of 
system, derating applied in design, operating condi- 
tion and maintenance. 


2.2 Reliability Design 

Timely study and execution are essential to achieve 

the reliability based on reliability targets. The main 

items are the design standardization, device design 

including process and structural design, design 

review and reliability test. 

(1) Design Standardization 
Design standardization needs establishing design 
rules and standardizing parts, material, and 
process. When design rules are established on 
circuit, cell, and layout design, critical items 
about quality and reliability should be ex- 
amined. Therefore, in using standardized 


process or material, even newly developed prod- 
ucts would have high reliability, with the excep- 
tion of special requirement on function. 
(2) Device Design 
It is important for device design to consider 
total balance of process design, structure 
design, circuit and layout design. Especially in 
case of applying new process or new material, 
we study the technology prior to development 
of the device in detail. 
(3) Reliability Test by Test Site 
Test site is sometimes called Test Pattern. It is 
useful method for evaluating reliability of 
designing and processing !Cs with complicated 
functions. 
1. Purposes of Test Site are as follows; 
e Making clear about fundamental failure mode; 
e Analysis of relation between failure mode and 
manufacturing process condition. 
e Analysis of failure mechanism. 
e Establishment of QC point in manufacturing. 
2. Effects of evaluation by Test Site are as follows; 
e Common fundamental failure mode and 
failure mechanism in devices can be evaluated. 
e Factors dominating failure mode can be 
picked up, and compared with the process 
having been experienced in field. 
e Able to analyze relation between failure 
causes and manufacturing factors. 
e Easy to run tests. 


2.3 Design Review 

Design review is a method to confirm systematically 

whether or not design satisfies the performance 

required including by users, follows the specified 

ways, and whether or not the technical items 

accumulated in test data and application data are 

effectively applied. 

In addition, from the standpoint of competition 

with other products, the major purpose of design 

review is to insure quality and reliability of the 

product. In Hitachi, design review is performed 

in designing new products and also in changing 

products. 

The followings are the items to consider at design 

review. 

(1) Describe the products based on specified design 
documents. 

(2) Considering the documents from the standpoint 
of each participant, plan and execute the sub- 
program such as calculation, experiments and 
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investigation if unclear matter is found. 

(3) Determine the contents and methods of reliabil- 
ity test based on design document and drawing. 

(4) Check process ability of manufacturing line to 
achieve design goal. 

(5) Arrange the preparation for production. 

(6) Plan and execute the sub-programs of design 
changes proposed by individual specialists, for 
tests, experiments and calculation to confirm the 
design change. 

(7) Refer to the past failure experiences with 
similar devices, confirm the prevention against 
them, and plan and execute the test program 
for confirmation of them. 

In Hitachi, these study and decision at design review 

are made using the individual check lists according 
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3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 


3.1 Activity of Quality Assurance 

The following items are the general views of overall 

quality assurance in Hitachi; 

(1) Problems is solved in each process so that even 
the potential failure factors will be removed at 
final stage of production. 

(2) Feedback of information is made to insure 
satisfied level of process ability. 

As the result, we assure the reliability. 





to its objects. 


Step 


Target 
Specification 


Design Materials, Parts 
Trial A bial 
Production Appr 


Characteristics Approval 


Quality Approval (1) 


Quality Approval (2) 


Production 


Contents 


Characteristics of Material and 
Parts 

Appearance 

Dimension 

Heat Resistance 

Mechanical 

Electrical 

Others 


Electrical 
Characteristics 
Function 
Voltage 
Current 
Temperature 
Others 
Appearance, Dimension 


Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 


Reliability Test 
Process Check same as 
Quality Approval (1) 


Figure 1 Flow Chart of Qualification 
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Confirmation of 
Characteristics and 
Reliability of Materials 
and Parts 


Confirmation of Target 
Spec. Mainly about 
Electrical 
Characteristics 


Confirmation of Quality 
and Reliability in Design 


Confirmation of Quality 
and Reliability in Mass 
Production 
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3.2 Qualification customers. 

To assure the quality and reliability, the qualifica- (3) Qualify every change in design and work. 

tion tests are done at each stage of trial production (4) Qualify intensively on parts and materials and 

and mass production based on the reliability design process. 

described in section 2. (5) Considering the process ability and factor of 

The followings are the views on qualification in manufacturing fluctuation, establish the control 

Hitachi: points in mass production. 

(1) From the standpoint of customers, qualify the Considering the views mentioned above, qualifica- 
products objectively by a third party. tion shown in Fig. 1 is done. 


(2) Consider the failure experiences and data from 
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Figure 2 Flow Chart of Quality Control in Manufacturing Process 
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3.3 Quality and Reliability Control in Mass Produc- 
tion 

To assure quality in mass production, quality is 

controlled functionally by each department, mainly 

by manufacturing department and quality assurance 

department. The total function flow is shown in 

Fig. 2. 


3.3.1 Quality Control on Parts and Materials 

With the tendency toward higher performance and 
higher reliability of devices, quality control of parts 
and materials becomes more important. The items 
such as crystal, lead frame, fine wire for wire bond- 
ing, package and materials required in manufactur- 
ing process like mask pattern and chemicals, are all 
subject to inspection and control. 

Besides qualification of parts and materials stated in 
3.2, quality control of parts and materials is defined 
in incoming inspection. Incoming inspection is per- 
formed based on its purchase specification, drawing 
and mainly sampling test based on MIL-STD-105D. 
The other activities for quality assurance are as 
follows. 


@ Table 1. Quality Control Check Points of Parts 
and Material (example) 


Important 
Control Items 


Appearance 















Material, 
Parts 





Point for Check 





Damage and Contamina- 
tion on Surface 

Flatness 

Resistance 

Defect Numbers 


Dimension 
Sheet Resistance 
Defect Density 
Crystal Axis 


Wafer 




























Appearance Defect Numbers, Scratch 
Mask Dimension Dimension Level 
Resistoration 
Gradation Uniformity of Gradation 
Fine Appearance Contamination, Scratch, 
Wire for : . Bend, Twist 
Wire Dimension 
Bonding Purity Purity Level 


Elongation Ratio | Mechanical Strength 










Appearance Contamination, Scratch 
Dimension Dimension Level 
Processing 
Frame Accuracy 
Plating Bondability, Solderability 
Mounting Heat Resistance 
Characteristics 

























Appearance Contamination, Scratch 
Dimension Dimension Level 
Leak Resistance Airtightness 
Plating Bondability, Solderability 
Ceramic Mounting Heat Resistance 
Package Characteristics 
Electrical 
Characteristics 
Mechanical Mechanical Strength 
Strength 





Characteristics of 
Plastic Material 


‘Composition 


Electrical 
Characteristics 
Thermal 
Characteristics 
Molding 
Performance 
Mounting 
Characteristics 


Plastic 
Molding Performance 


Mounting Characteristics 
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(1) Technology Meeting with Vendors 

(2) Approval and Guidance of Vendors 

(3) Analysis and tests of physical chemistry. 

The typical check points of parts and materials are 
shown in Table 1. 


3.3.2 Inner Process Quality Control 
To control inner process quality is very significant 
for quality assurance of devices. The quality 
control of products in every stage of production is 
explained below. Fig. 3 shows inner process quality 
control. 
(1) Quality Control of Products in Every Stage of 
Production 
Potential failure factors of devices should be re- 
moved in manufacturing process. Therefore, check 
points are set up in each process so as not to move 
the products with failure factors to the next 
process. Especially, for high reliability devices, 
manufacturing lines are rigidly selected in order to 
control the quality in process. Additionally we per- 
form rigid check per process or per lot, 100% 
inspection in proper processes so as to remove 
failure factors caused by manufacturing fluctuation, 
and screenings depending on high temperature aging 
or temperature cycling. Contents of controlling 
quality under processing are as follows: 
e Contro} of conditions of equipment and workers 
and sampling test of uncompleted produsts. 
Proposal and execution of working improvement. 
Education of workers 
Maintenance and improvement of yield 
Picking up of quality problems and execution of 
countermeasures toward them. 
e Communication of quality information. 
(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 
Manufacturing facilities have been developed with 
the need of higher devices in performance and the 
automated production. It is also important to de- 
termine quality and reliability. 
In Hitachi, automated manufacturing is promoted 
to avoid manufacturing fluctuation, and the opera- 
tion of high performance equipment is controlled to 
function properly. 
As for maintenance inspection for quality control, 
daily and periodically inspections are performed 
based on specification on every check point. 
As for adjustment and maintenance of measuring 
equipment, the past data and specifications are 
clearly checked to keep and improve quality. 


@ HITACHI 
Hitachi America, Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 e (415) 589-8300 31 





Quality Assurance of IC Memory —— ———________"_"_— sss 


Dust control is essential to realize higher in- 
tegration and higher reliability of devices. To 
maintain and improve the clearness of manufac- 
turing site, we take care buildings, facilities, air- 
conditioning system, materials, clothes and 
works. Moreover, we periodically check on 


(3) Quality Control of Manufacturing Circumst- 
ances and Sub-material. 
Quality and reliability of devices are affected 
especially by manufacturing process. There- 
fore, we thoroughly control the manufacturing 
circumstances such as temperature, humidity, 


dust, and the sub-materials jike gas or pure 


floating dust in the air, fallen dust or dirtiness 


water used in manufacturing process. 


Process 


Purchase of Materia! 


Wafer 


Surface Oxidation Oxidation 


Inspection on Surface 
Oxidation 


Photo Resist Photo 


Resist 
Inspection on Photo Resist 


© PQC Level Check 


Diffusion Diffusion 


Inspection on Diffusion 


©PQC Level Check 


Evaporation 


Inspection on Evaporation 
©PQC Level Check 
Wafer Inspection 


Inspection on Chip 
Electrical Characteristics 


Chip Scribe 


Inspection on Chip 
Appearance 


©OPQC Lot Judgement 


Assembling Assembling 


©PQC Level Check 


Inspection after 
Assembling 


©PQC Lot Judgement 


Sealing Sealing 


OPQC Level Check 


Final Electrical Inspection 
Failure Analysis 


Marking 


Appearance Inspection 


Sampling Inspection on 
Products 


Receiving 


Shipment 


on floor. 


Control Point 


Characteristics, Appearance 


Appearance, Thickness of 
Oxide Film 


Dimension, Appearance 


Diffusion Depth, Sheet 


Resistance 
Gate Width 


Characteristics of Oxide Film 
Breakdown Voltage 


Thickness of Vapor Film, 
Scratch, Contamination 


Thickness, Vtu Characteris- 
tics 
Electrical Characteristics 


Appearance of Chip 


Appearance after Chip 

Bond ing 

Appearance after Wire 

Bond ing 

Pull Strength, Compresion 
Width, Shear Strength 
Appearance after Assembling 


Appearance after Sealing 
Outline, Dimension 


Marking Strength 


Analysis of Failures, Failure 
Mode, Mechanism 


Figure 3 Example of Inner Process Quality Control 
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Purpose of Control 


Scratch, Removal of Crystal 
Defect Wafer 

Assurance of Resistance 
Pinhole, Scratch 


Dimension Level 
Check of Photo Resist 
Diffusion Status 


Control of Basic Parameters 
(Vu, etc) Cleaness of surface, 
Prior Check of Vin 

Breakdown Voltage Check 
Assurance of Standard 
Thickness 


Prevention of Crack, 
Quality Assurance of Scribe 


Quality Check of Chip 

Bonding 

Quality Check of Wire 
Bond ing 

Prevention of Open and 
Short 


Guarantee of Appearance 
and Dimension 


Feedback of Analysis Infor- 
mation 








3.3.3 Final Tests and Reliability Assurance 

(1) Final Tests 
Lot inspection is done by quality assurance 
department for the product passed in 100% test 
in final manufacturing process. Though 100% 
of passed products is expected, sampling inspec- 
tion is subjected to prevent mixture of failed 


(2) 


Quality Assurance of IC Memory 


The inspection is executed not only to confirm 
that the products meet users’ requirement, but 
to consider potential factors. Our lot inspec- 
tion is based on MIL-STD-105D. 

Reliability Assurance Tests 

To assure reliability, the reliability tests are per- 
formed periodically, and performed on each 


products by mistake. manufacturing lot if user requires. 





Customer 


Claim 
(Failures, Information) 


Sales Dept. 

Sales Engineering Dept. 

Quality Assurance Dept. 
Manufacturing Dept. Design Dept. 


Failure Analysis 


Countermeasure 
Execution of 
Countermeasure 


Follow-up and Confirmation 
of Countermeasure Execution 


ie Assurance Dept. 


Sales Engineering Dept. 


Figure 4 Process Flow Chart of Coping with Failure to a Customer 
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Mi OUTLINE OF TESTING METHOD 
1. INSPECTION METHOD 


Compared to conventional core memories, IC 
memories contain all peripheral circuits, such as the 
decoder circuit, write circuit and read circuit. Asa 
result, assembly and electrical inspection of !Cs are 
all performed by IC manufacturers. Consequently, 
as the electrical inspection of IC memories are 
becoming more systematic, conventional IC inspec- 
tion facilities are becoming useless. This has led to 
the development and introduction of a memory 
tester with pattern generator to generate the inspec- 
tion pattern of the memory IC at high speed. A 
function test for such as TTL gates can be per- 
formed even by a simple DC parameter facility. 
However, when the address input becomes multi- 
plexed as in 16K, 64K and 256K memory, even the 
generation of the function test pattern becomes a 
serious problem. 

In the memory IC inspection, its quality cannot be 
judged by DC test on external pins only, because the 
number of the element such as transistor which can 
be judged in the DC test is only 1/1000 of all ele- 
ments. The followings are the address patterns pro- 
posed to inspect whether the internal circuits are 
functioning correctly. 

(1) All “Low”, All “High” 

(2) Checker Flag 

(3) Stripe Pattern 

(4) Marching Pattern 

(5) Galloping 

(6) Waling 

(7) Ping-Pong 

Those are not all, but only representative ones. 
There are the pattern to check the mutual inter- 
ference of bits and the pattern for the maximum 
power dissipation. Among the above mentioned 
patterns, those of (1) to (4) are called N pattern, 
which can check one sequence of N bit 1C memory 
with the several times of N patterns at most. Those 
of (5) to (7) are called N? pattern, which need 
several times of N? patterns to check one sequence 
of N bit 1C memory. Serious problem arises in using 
N? pattern in a large-capacity memory. For ex- 
ample, inspection of 16K memory with galloping 
pattern takes a lot of time — about 30 minutes. (1), 
(2) and (3) are rather simple and good methods, 
however, they are not perfect to find any failure in 
decoder circuits. Marching is the most simple and 
necessary pattern to check the function of IC 
memories. 


2. MARCHING PATTERN 


The marching pattern, as its name indicates, is a pat- 

tern in which ‘1's march into all bits of ‘’0’’s. For 

example, a simple addressing of 16 bit memory is 

described below. 

(1) Clear all bits ............. See Fig. 1 (a) 

(2) Read “0” from Oth address and check that the 
read data is “O’’. Hereafter, “Read” means 
“checking and judging data” 

(3) Write ‘1’. on Oth address....... See Fig. 1(b) 

(4) Read “0” from 1st address. 

(5) Write “1” on 1st address. 

(6) Read “0” from nth address. 

(7) Write “1'’ on nth address ...... See Fig. 1(c) 

(8) Repeat (6) to (7) to the last address. Finally, 
all data will be 1”, 

(9) After all data become ‘1’, repeat from (2) to 
(8) replacing “0” and “1”. 

In this method, 5N address patterns are necessary 

for the N-bit memory. 





Figure 1 Addressing method of for 16 bit memory in the 
Marching pattern 


@ HITACHI 
34 Hitachi America, Ltd. © Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 





Mi APPLICATION 





1. Static RAM 


1.1. Static RAM Memory Cell 

The static RAM memory cell consists of flip-flops 
organized as 4 NMOS transistors and 2 load resistors 
as shown in figure 1-1. The data in the cel! can be 
retained as long as power is supplied, and read out 
without being destroyed. 


Word Line 





Figure 1-1. Static RAM Memory Cell 


1.2. Data Retention Mode and Battery Back-up 
System 
The data in RAM is destroyed at power off. How- 
ever, CMOS static RAM has a data retention mode. 
In this mode, power consumption at standby is ex- 
tremely low and supply voltage can be reduced to 
2V. So, it enables a battery back-up system to 
retain data during power failure. 
Data Retention Mode: The important point in 
designing a battery back-up system is the timing 
relation between the memory power supply during 
the change (ordinal source ~ battery) and the chip 
select signal. If the timing for the change is missed, 
the data in memory might be destroyed. 
Figure 1-2. shows the timing for switching the 
power supply. The following explains the technical 
terms related to the data retention mode. 


Data retention mode 











= 4.5V 4.5V 
pad \ Vor 2:2.0V Y, 
(CE) —= 
CS(CE)2 Vor —0.2V' 
Vises ee ee eS = 
Figure 1-2. Timing for Battery Back-up Application 


Data retention mode: The period that the power 
supply voltage is lower than the specified operation 
voltage. During this period, memory must be kept in 
non-select condition (e.g. CS = Vor - 0.2V). 


tcpR (time for chip select to data retention): The 

minimum time needed to change from operating 

mode to data retention mode. Normally Ons. 

tm (Operation recovery time): The minimum time 

needed to change from data retention mode to 

operating mode. Normally, it is the same as the 

cycle time of the memory. 

Vpr (data retention voltage): The voltage applied in 

data retention mode. Normally, the minimum 

supply voltage needed to retain memory data is 2 V. 

IccprR (data retention current): The current con- 

sumption in data retention mode. It depends on 

memory power supply voltage and ambient tem- 

perature. It is specified at supply voltage (Vp) = 

3.0 V. 

Battery Back-up System: battery back-up sequence 

is described in the following: 

1. External circuit detects failure of system power 
supply. 

2. External circuit changes RAM to standby mode. 

3. External circuit separates RAM from system 
power supply. 

4. External circuit switches to Back-up power 
supply. 


Memory Vcc 


System Vee 


Memory 
control pin 





Figure 1-3. Example of Battery Back-up System 

The control circuit detects the power failure and 
cuts off the power after switching memories to 
standby mode. On recovery, it confirms power 
supply and after some delay, returns memories to 
operating mode. The memory control signals 
depend on the types of memories used in the 
system. 

Using memory with only one CS. NAND signal 
between the control signal and chip select signal 
should be connected to CS. As the level of CS in 
data retention mode must be higher than Vopr — 
0.2V, the power supply for this NAND gate must 
either be shared with the memory power supply, 
or be pulled up to the memory power supply. 
Using memory with two CS. Basically, the 
signals are the same as mentioned above. In 
general use, two pins should be used for the 
control signal and the chip select signal respec- 


@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 35 





Application 


tively. CS, which can intercept current path of 
other pins in the input buffers, is for control 
signal input of data retention mode. 

Using memory with CS and CS. As CS selects 
the chips at high level, it is better to use CS than 


36 


CS as control signal input for data retention 
mode. As soon as power down is detected, 
signals should be brought to low fevel. So a pull- 












System Vee 





Detective 
circuit 
of system 





select 
generating 
circuit 


Regulating circuit 


up to the memory power supply level is not 

needed and circuit organization is simplified. 
Figure 1-4 shows an example of a battery back-up 
system circuit. Hitachi recommends using CMOS 
logic for gate Gy in control circuit and memory 
Vec. The low Vee transistor Q; is required to 
switch regulating circuit from system power supply 
to back-up power supply. 





ae 


Back-up _ 
1 circuits 


Control circuit , j 


Figure 1-4. Example of Battery Back-up System Circuit 
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2. Pseudo-Static RAM 

2.1 Pseudo-Static RAM Features 

A new type of memory, pseudo-static RAM has 
been developed providing the advantages of 
dynamic RAM (low cost, high density), and static 
RAM (easy usage). IC memory consists of memory 
cells for data storage, and input/output circuits for 
interfacing to the external circuits. PSRAM pro- 
vides the memory cell and peripheral circuits of 
DRAM and the external control circuits, which 
includes a part of the refresh control circuits not 
provided by dynamic RAM, and interface circuits 
similar to that of static RAM, on a chip, as shown in 
table 2-1. Address input is not multiplexed and 
data input/output is byte-wide like standard static 
RAM. With PSRAM x 8 organization, medium 
density memory system can be designed easily. 
PSRAM provides address refresh, automatic refresh 
and self refresh. 

Figure 2-1 shows examples of system design using 
PSRAM and DRAM. Using PSRAM, the circuits 


Table 2-1. PSRAM Features 

SRAM PSRAM | DRAM 
4Tr+2R 1Tr+ic 
x1, x4, x8 
















Memory Cell 












Organization 


Multiplexed 
Address 






Address Single Address 






Nor 
Necessary 


Simple<————> Complexed 


Refresh Necessary 














aL | 
External Circuits 





interfacing CPU to DRAM can be drastically 
reduced. 

Figure 2-2 shows block diagram of pseudo static 
RAM. 


2.2. 1 Mbit Pseudo-Static RAM Function 

Read/Write Cycle: Figure 2-3 and figure 2-4 show 
the timing chart for the read/write cycle of 1 Mbit 
pseudo-static RAM HM658128. The HM658128 


CE 


Adeese XXKAXKA 


(a) CE access 








Application 


> 


: aa 
P s 
Ref. Address 
U ioe Generator 
Timer & 
Control 


Selector 








Figure 2-1. 


System Organization 










Memory Array 


Row Address 
Row Decoder 





Column I/O <> Data 
Column Decoder 


Sais 


Column Address 


Figure 2-2. 


Block Diagram (PSRAM) 


can perform 2 types of access in a read cycle, CE 
access (Figure 2-3 (a)) and OE access figure 2-3 (b)). 
It writes the data at the rising edge of WE (figure 
2-4 (a)) or at the rising edge of CE (figure 2-4 (b)). 
The CS pin should be brought high when the ad- 
dress is latched at the falling edge of CE in the read/ 
write cycle. The HM658128 has no OE specifica- 
tion at the falling edge of CE as it provides both OE 
pin and RFSH pin. 





(b) OE access 


Figure 2-3. Read Cycle 
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CS Standby Mode: The HM658128 enters CS 
standby mode for one cycle if CS turns to low 
at the falling edge of CE (figure 2-5). 


Standby 


Figure 2-5. CS Standby Mode 





(a) Write at the rising edge of WE (b) Write at the rising edge of CE 


Figure 2-4. Write Cycle 


Address Refresh: Address refresh mode performs distributed mode). In this mode, CS should be high 
refresh by access to row address (AO — A8) 0 — 511 at falling edge of CE. 
sequentially within 8 ms, as shown in figure 2-6 (in 





15s 





Refresh R/W 


Figure 2-6. Address Refresh 


Automatic Refresh: The HM658128 goes to auto- address pins AO — A8, as it is generated internally. 
matic refresh mode if RFSH falls while CE is high Figure 2-7 shows the timing chart for distributed 
and it is kept low for more than 180 ns. refresh. In automatic refresh mode, the timing for 
It is not required to input the refresh address from only CE and RFSH are specified. 


15us 


RFSH 


180ns SRefresh< 8s 
Figure 2-7. Automatic Refresh 


Self Refresh: Self refresh mode performs refresh at enabled by keeping CE high and RFSH low for 
the internally determined interval. The HM658128 more than 8 us (figure 2-8). 
enters the mode when the internal refresh timer is 
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RFSH [|] 


28us 2 180ns 


Figure 2-8. Self Refresh 


Considerations on Using HM658128: The following 

should be considered when using the HM658128. 

@ Data retention. The HM658128 can retain the 

data with a battery (but not for long time). The 
HM658128L, low power version, offers typical 
self-refresh or standby current of 100A. 
A 1-Mbyte system (using eight HM658128Ls) 
can retain the data for about 1.5 months with 
battery of 100 mAh current. Voc = 5 V + 10% 
must be maintained for data retention. 

@ Power on. Start HM658128 operation by 
executing more than eight initial cycles (dummy 
cycles) more than 100 us after power voltage 
reaches 4.5 V — 5.5 V after power on. 

@ Bypass capacitor. Hitachi recommends inserting 
1 bypass capacitor per RAM. 


2.3 Pseudo-Static RAM Data Retention 

PSRAM with self refresh retains data CE and OE 
are fixed for more than defined period. The follow- 
ing explains considerations for PSRAM data reten- 
tion. 

First, PSRAM cannot retain the data at low supply 
voltage. 

They employ 1 MOS type memory cell as shown in 
figure 2-9. The charge is stored on the capacitor C 
as memory data. The data 1, written at low supply 





Figure 2-9. Memory Cell of PSRAM 


voltage, cannot be read as 1 at high supply voltage. 
Figure 2-10 indicates the operation voltage for self 
refresh and subsequent read of PSRAM. If the data 
is read out at more than 5 V of Vcc, for example, 
after self refresh is performed at Vcc = 3.7 V, it is 
destroyed. 

PSRAM must be used at supply voltage from 4.5V 
to 5.5V. 


Application 


Second self refresh current increases at low supply 
voltage. 


Read Voltage 





Self Refresh Voltage 


Figure 2-10. PSRAM Operating Voltage 


PSRAM provides the voltage level detector circuit 
to reduce self refresh current. However, it should 
be noted that the circuit increases the current with 
low supply voltage in self refresh (figure 2-11). Self 
refresh current also increases at low temperature 
(figure 2-12). 


Current 


Spec 
4.5V 5.5V 


Power Supply Voltage 


Figure 2-11. Self Refresh Current vs. Voltage 


Carrent 
WwW 
8 


Temperature 


Figure 2-12. Self-Refresh Current vs Temperature 


Please use PSRAM within the recommended opera- 
tion range (Vcc more than 4.5 V, temperature more 
than O°C) for data retention, especially using a 
battery. 
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3. Video RAM 

3.1. Multiport Video RAM 

Figure 3-1 shows general idea of video RAM. Multi- display memory is realized by using the random 
port video RAM provides an internal data register port of the RAM part for graphic processor drawing 
(SAM) with the memory (RAM). Both of them and the serial port of the SAM part for CRT display. 
can be accessed asynchronously. Effective graphic 


RAM SAM 
DRAM : 
memory cell 


Random port 


Data register 


(a= C—) Serial port 






Drawing 





if 


Address Multi-port 


Video RAM 
Graphic 
Processor 


Figure 3-1. General Idea of Multi-port Video RAM 





Figure 3-2 shows the block diagram of the 256- shows the operation modes of the HM53461. 
kbit multiport video RAM HM53461, and table 3-1 


DT/OE 


























































§ 
2 s1/0 
g 
A 
1 Serial 
port 
write mask 
register 
WE 
sc SOE 
Figure 3-2. Block Diagram of HM53461 
The operation modes shown in table 3-1 are described as follows. 
Table 3-1. Operation Modes of HM53461 
At the falling edge of RAS RAM modes sau modes 
SI/O direction 
Read/write Sin/Sout 
Temporary write mask data program Sin/Sout 
Read transfer Sout 
Write transfer Sin 











Sin 
Sin/Sout 


Pseudo transfer 
CBR refresh 

















H: High 
L: Low 
X: Don’t Care 
Notes: 1. Transfer cycle executed previously defines SI/O direction. 
2. SI/O is in high impedance state with SOE high, even if the direction is Sout, 
3. The HMS3461 starts write operation if WE is low at the falling edge of CAS or become low between the falling 





edge of CAS and the rising edge of RAS. 
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Read/Write Operation: Read/write is performed 
on the random port in the same sequence as for a 
dynamic RAM (figure 3-3). The HM53461 starts 
the read operation with WE high and the write 
operation at the falling edge of WE. 






2 8 
= ) 
£ 2 
2 3 
oO a 
register 
1/01-1/04 
Figure 3-3. Read/Write Operation 


Temporary Write Mask Set and Temporary Masked 
Write Operation: The HM53461 provides tem- 
porary masked write operation which inhibits to 
write data bit-by-bit (write mask) during one RAS 
cycle. Temporary write mask set function defines 
the bits to be inhibited (figure 3-4). This operation 
puts the data on 1/01 — 1/04 into the internal tem- 
porary write mask register. When 0 is programmed 
to the register, writing to the corresponding bit is 
inhibited. 

The temporary write mask register is reset at the 
rising edge of RAS. 





he 
E 
2 
$ 
3 
a 


Column I/O 










register 


1/01—1/04 


Figure 3-4. Temporary Masked Write Operation 
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Read Transfer Operation: In this cycle, the 
HM53461 transfers the data of one row in RAM 
(1024 bits), which address is specified at the falling 
edge of RAS, to SAM (figure 3-5). The start address 
in SAM can be programmed at the falling edge of 
CAS in this cycle. After data transfer, the serial 
port turns to serial read mode at the rising edge of 
DT/OE. 






SAM start address 





[—» SI/01-SI/04 


Selector 


Column decoder 
Column I/O 


Data register 


Figure 35. Read Transfer Operation 


Write Transfer Operation: In this cycle, the 
HM53461 transfers the data in the SAM data re- 
gister (1024 bits) to one row in RAM, which address 
is specified at the falling edge of RAS (figure 3-6). 
The start address in SAM can be programmed in this 
cycle. After data transfer, serial port turns to serial 
write mode. 






SAM start address 






K_) SI/01-$1/04 


Data register 
Selector 


Column decoder 
Column 1/0 


Figure 3-6. Write Transfer Operation 


Pseudo Transfer Operation: This operation switches 
the serial port to serial write mode (figure 3-7). It 
does not perform data transfer between RAM and 
SAM. SAM start address can be programmed in this 
cycle. 
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A0—A7 







Column 
latch 


SAM start address 


si se 5 
3 > DRAM 2 
. g memory 3 K —} S1/01—-S1/04 
a ce g 
3} |° i 
Figure 3-7. Pseudo Transfer Operation 


CAS-Before-RAS Refresh Operation: The HM53461 
performs refresh by using the internal address 
counter in this operation (figure 3-8). 






Column 
latch 


Selector 


Column decoder 
Column I/O 


Figure 3-8. CAS-Before-RAS Refresh 





Serial Read/Write Operation: The HM53461 reads/ 
writes the contents of the SAM data register in serial 
at the rising edge of SC (serial clock input) (figure 
3-9). The address for serial access is generated by 
the internal address pointer, independently of 
random port operation. It should be considered 
that serial access is restricted in transfer cycles. The 
SAM, employing static-type data registers, requires 
no refresh. 


Column 


Row 
decoder 


DRAM 
memory 
cell 


K —) SI/01—S1/04 


Column I/O 
Data register 


Figure 3-9. Serial Read/Write Operation 


The HM53462 is a multiport video RAM, adding 
logic operation capability to the advantages of 
HM53461. 

Figure 3-10 shows the block diagram. Table 3-2 
describes the operation modes. 


DT/OE 





Figure 3-10. Block Diagram of HM53462 
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Table 3-2. Operation Modes of HM53462 

































































At the falling edge of RAS SAM modes 
RAM modes 
SI/O direction Notes 
Read/write Sin/Sout 1, 2,3 
Temporary masked write Sin/Sout a 1, 2,3 
Read transfer Sout 2 
Write transfer | Sin =~ 
Pseudo transfer Sin 
CAS-before-RAS refresh Sin/Sout 1,2 
; enn sinfsout_ | 12 








H: High L: Low X: Don’t Care 


Transfer cycle previously executed defines SI/O direction. 


Notes: 1. 
2 


SI/O is in high impedance with SOE high, even if SI/O direction is Sout. 


3. HMS5 3462 writes if WE is low at the falling edge of CAS or becomes low between the falling edge of CAS and the 


rising edge of RAS. 


Logic Operation Programming: This function 
programs a logic operation (figure 3-11). The logic 
operation is available until re-programmed or reset. 
In logic operation mode, HM53462 performs read- 
modify-write internally when data is written into 
random port. The result of the logic operation 
between memory data and written data is put into 
the address from which the memory data is trans- 
ferred. 

In the logic operation programming cycle, the mask 
register, which differs from the temporary mask re- 
gister, is also programmed. It is available until re- 
programmed. 


5 
3 
9 
y 
2 
3 
5 
a) 
oO 


Data register 





1/01—I/04 
(dotted lines indicate write in logic operation mode) 


Figure 3-11. Logic Operation Programming 


Notes: Notes on using HM53461/HM53462 are as 

follows. 

@ Dummy RAS cycle. Devices should be initialized 
by 8 dummy RAS cycles (minimum) before 
access to random port. Refresh cycle can be in- 
serted for initialization. It is recommended that 
the system be initialized by dummy RAS cycle in 
the automatic reset time of the processor. 

@ Bypass capacitor. One bypass capacitor should 
be inserted between Vcc and Vgs to each device. 
The Vcc pin should be connected to the capaci- 
tor by the shortest path. A capacitor of several 
LF is suitable. 

@ Negative voltage input. Negative polarity input 
level to input pin or I/O pin should be under ~1 
V. In this range, it has no effect on device 
characteristics or RAM/SAM data retention. 

® Initialization of logic operation mode 
(HM53462). The logic operation programming 
cycle should be executed before access to the 
random port to initialize logic operation mode 
after power on. At this time, the operation 
codes (0101) and all 1 write mask data are re- 
commended. 








3.2. Line Memory 

Hitachi has produced a line memory for line buffers 

with simple circuits, providing specific functions as 

described below. 

The line buffer can improve picture quality by 

storing 1 horizontal line data. It has following 

features. 

@ Capacity to store 1 horizontal line data 

@ High-speed operation matching the sampling 
speed of PAL TV signal (4 fsc/8 fsc) or NTSC TV 
signal (4 fsc/8 fsc). 
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® Separate data inputs/outputs and capability of 
serial data inputs and outputs. 

The conventional line buffer composed of high 
speed static RAMs requires separate input/output 
for double buffer organization. It also requires 
interleaving for high speed operation, matching 
4 fsc/8 fsc, where fsc is the subcarrier frequency. In 
addition, external circuits are needed for serial 
address scan. 

The line memory provides all of these functions. 
Figure 3-12 shows the standard organization of a 
conventional memory buffer and figure 3-13 
shows the block diagram of line memory. 


Line Buffer 


Interleaving 





Address 
Control 







Figure 3-12. Standard Organization of Conventional 
Line Buffer 
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Figure 3-13. Block Diagram of Line Memory 
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The Hitachi HM63021 is a 2048-word x 8-bit line 
memory storing 2 horizontal lines of data. 
It has five different modes for various video graphic 
system applications. It realizes high speed opera- 
tions for PAL and NTSC TV signals, and dissipates 
little power employing 1.3 um CMOS technology 
and static-type memory cells. 
The features of the HM63021 are described as 
follows: 
@ Five modes for various video graphic system 
applications 
— Delay line mode 
Alternate 1H/2H delay mode 
— TBC (Time-Base Corrector) mode 
— Double speed conversion mode 
— Time-base compression/expansion mode 
@ High speed cycle time 
— HM63021-34: 34 ns min (corresponds to 8 fsc 
of NTSC TV signal) 
— HM63021-28: 28 ns min (corresponds to 8 fsc 
of PAL TV signal). 
Line memory in the system using digital signal 
processing technologies offers following applica- 
tions: 
1. comb filter 
2. double-speed conversion (non-interlace) 
3. compression/expansion of graphics (picture- 
in-picture) 
4. dropout canceller 
. time-base corrector 
6. noise reducer 


oa 
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4. Dynamic RAM 

4.1. Dynamic RAM Memory Cell 

The dynamic RAM memory cell consists of 1 MOS 

transistor and 1 capacitor, as shown in figure 4-1. It 
“detects the data in the cell (1 or 0) by the charge 

stored in capacitor. Dynamic RAM offers higher 

density than that of static RAM because of fewer 

components per chip. 

However, Dynamic RAM must rewrite data, called 

refresh, in a defined cycle because the charge stored 

in the capacitor leaks. 





Figure 4-1. Memory Cell of Dynamic RAM 

4.2. Power On Procedure 

After turning on power, to set the internal memory 
circuitry, hold for more than 100 ps, then apply 
eight or more dummy cycles before operation. The 
dummy cycle may be either a normal read/write 
cycle or a refresh cycle. When using an internal re- 
fresh counter, eight or more CAS before RAS 
refresh cycles are required as dummy cycles. 











AO — A9| Address Inputs 
Column Address Strobe 
Data In 

Data Out 
Row Address Strobe 
Read /Write Input 
Power (+5V) 

Vss | Ground 
AO — A8| Refresh Address Inputs 


Din 










WE 


(a) Pin Arrangement 


Application 


4.3 Address Multiplexing 

Dynamic RAMs are used to increase capacity be- 
cause of their smaller cell area. In using dynamic 
RAMs in systems, however, it is desirable to increase 
the memory density by using smaller packages. To 
reduce the number of pins and the package size, 
address multiplexing is used. 

Using a 1-Mbit dynamic RAM, 20-address signals are 
necessary to select one of 1,048,576 memory cells. 
Address multiplexing allows address signals to be 
applied to each address pin. Thus only 10-address 
input pins are required to select one of 1048,576 
addresses. Multiplexed address inputs are latched 
as follows: RAS (Row Address Strobe) selects one 
of word lines according to the row address signal, 
and one of column decoders is selected by CAS 
(column address strobe) following column address 
signal. Although two extra signals, RAS and CAS, 
are required, the number of address pins is reduced 
to half. Figure 4-2 shows the pin arrangement, 
address latch waveform, and the block diagram of 
address-multiplexed 1-Mbit dynamic RAM. Systems 
need an address multiplexer in order to latch the 
multiplexed address signals into the device. 


Memory Cycle 
RAS 
CAS 
Row Address Column Address 
Address 
(b) Address Latch 


External perenen Internal memory LSI 


Circuit 1 


Multiplexed 1 
Address | 






Column address 


{c) Block diagram of Address Multiplexing 
Figure 4-2 Address Multiplexing of Dynamic RAMs 
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4.4, Dynamic RAM Function 
Figure 4-3 shows the normal function of Dynamic 








RAM. 
<= trc: Random Read or Write Cycle Time 
as trcp: RAS to CAS Delay Time 
Tis trac: Access Time from RAS 
toac: Access Time from CAS 
R: Row Address 
ene C: Column Address 
WE tcac High 
Dout High Z 
(a) Read Cycle 
RAS oe 
RAS 
CAS 
CAS 
Address 
Address K€ XLLTALLITLLLLTLL 
WE 
WE 
Din 
Din 
Dest aa i ag (Delayed Write) 
(Early Write) (4) Write Cycle 
RAS 
CAS 
trwc: Read-Write Cycle Time 
Address 
WE 
Din 





5 cae OE 


(c) Read-Modify-Write Cycle 


Figure 4-3 Normal Function of Dynamic RAM 


Read Cycle: In the read cycle, a row address is timings with more than the specified minimum 
latched at the falling edge of RAS, and a column value, there is no need to limit the tecp to the 
address is latched at the falling edge of CAS after specified maximum value. 

the RAS falling edge. If WE is high, the data is Write Cycle: Dynamic RAM provides two write 
read out from Dout with the access time of tcac cycle modes: early write cycle and delayed write 
(Access time from CAS) or trac (Access time cycle. In the early write cycle, when WE is low, 
from RAS). : data is written into Din at the falling edge of CAS. 


The tacp maximum (RAS to CAS delay time) is In delayed write cycle, when WE is high, data is 
specified only to guarantee the specified minimum written into Din at the falling edge of WE after CAS 
values of other timings. such as the cycle time, falling. 

RAS/CAS pulse width. Therefore, when using these | Read-Modify-Write Cycle: The read-modify-write 
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cycle is initiated by taking WE high. Data is read 
out from Dout at the falling edge of CAS with WE 
high. Then, when WE goes low, data is written into 
the same address from Din in the same cycle. 

The cycle time in the read-modify-write mode 
(tawc) is longer than the cycle time in read/write 
mode (tc). 


4.5 High Speed Access Mode 

Dynamic RAM access time is typically longer than 
that of static RAMs. To realize higher speed opera- 
tion, they have high speed access modes. 

The read operation in dynamic RAM is performed 
as follows: 


Application 


When a word line is selected by row address, all data 
in the memory cells connected to the selected word 
line is transferred to sense amplifiers. One of these 
sense amplifiers is selected by the column address, 
and its contents are output. 

The output of data from other sense amplifiers is 
controlled only by the column address. 

Access controlled only by column address with the 
row address fixed is called high speed access mode. 
Table 4-1 compares each mode. 

Page Mode: This is the most typical access mode in 
dynamic RAM. The column address is switched 
synchronized with CAS falling. 

Nibble Mode: [In a nibble mode dynamic RAM, 


Table 4-1. Comparison of Dynamic RAM High Speed Access Modes 











RAS 
Normal CAS 
Mode Address 


Dout 





R : Row Address 
C : Column Address 











RAS 
Nibble CAS 


od 
Mode Address 


Dout 




















Static Column 
Mode 





High-Speed 
Page Mode 
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data from 4 sequential addresses is stored in the 
4-bit output latch circuits. Output is provided by 
the CAS signal, which controls the latch circuits. 
When 4 addresses are accessed sequentially, the row 
addresses on and after second bit need not be 
selected. Therefore, it facilitates the timing design. 
In nibble mode, the operation is limited to 4 ad- 
dresses, however, it enables faster access (tac) 
than that in page mode. 

Static Column Mode: In static column mode, the 
column address is switched without the synchro- 
nized signal by high-speed static RAM technology 
in the peripheral circuits. 

High Speed Page Mode: This mode is the advanced 
mode of static column mode, with CAS providing 
the address latch function. 


4.6 Refresh 

Refresh operation is performed by accessing every 
word line within the specified time (refresh cycle). 
Table 4-2 compares the following refresh modes in 
dynamic RAM. 

RAS Only Refresh: In RAS only refresh mode, 
refresh can be completed by selecting only row 
addresses synchronized with RAS. 

CAS Before RAS Refresh: This mode refreshes by 
the CAS falling edge before RAS in the period de- 
fined by the internal refresh address generator. This 
mode simplifies the external address multiplexer. 
Hidden Refresh: In hidden refresh, CAS before 
RAS refresh is performed while output data is valid. 





Table 4-2. Comparison of Dynamic RAM Refresh Modes 










RAS Only 
Refresh 





R : Row Address 
C : Column Address 


Dout : High Impedance 





CAS before RAS \__ 
RAS CAS \L___ 
Refresh 





Address LALALLLZLLL0LL0 LL. 


bute 







Hidden 
Refresh 


~a—— Read Cycle — > <«___Refresh Cycle —» 


V///. Don’t care 
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5. EEPROM 

5.1. EEPROM Memory Cell 

EEPROM is electrically erasable and programmable 
ROM, which can be erased or written remotely 
while the system is in operation. 

The Hitachi EEPROM memory cell is MNOS (Metal 
Nitride Oxide Semiconductor) type, as shown in 
figure 5-1. 

An MNOS memory cell consists of two layers of 
oxide film and nitride film. The thickness of oxide 
film is about 20 A and that of nitride film is 300 to 
500 A. There are traps in the boundary of the 
oxide and nitride films to catch electrons. Electrons 
move by the tunneling phenomenon between the 
substrate and traps. 


Poly- 
silicon 









SiO: 


N Substrate 


MNOS Type Memory Transistor 


Figure 5-1. 


5.2. 64-kbit CMOS EEPROM Function 

Page Write Function: The 64-kbit HN58C65 can 

latch 32 bytes (max) and write them in one write 

cycle. Writer cycle time is specified as 10 ms (max.). 

The effective byte write speed of HN58C65 in page 

write mode is: 

10 ms/32 bytes = 0.31 ms/byte 

Thus it takes only 2.56 seconds to write the whole 

HN58C65. Figure 5.2 shows internal operation. 

The following describes operation sequence: 

1. 32-byte memory cell data at the row address 
selected by address pins A5 — A12 is latched. 

2. Latched data at the column address specified by 
address pins AO — A4 is altered with write data, 
which is put into Din buffer from I/O pins 1/00 
— 1/07. 

The 32 bytes (max) of latched data are altered 
by repeating this operation 32 times. 

3. 32-bytes memory cell data in the selected row 
(1) are erased (All 1). 

4. Latched data is written into the selected row (3). 

5. CPU acknowledges the completion of write cycle 
by the internal timer. The HN58C65 provides 
RDY/BUSY and Data polling to indicate the 
write completion. 





Application 





MNOS memory cell 


RZTITITILI III LL 


rai 


A0~A4 
Figure 5-2. HNS8C65 Page Write 
Internal Timer: The HN58C65 indicates the 


completion of data write to the CPU by using the . 
internal timer. The HN58C65 enters next cycle as 
soon as detecting the completion of write. This 
function offers high system throughput as the CPU 
can access other devices during write cycle. The 
HN58C65 has two functions, RDY/Busy and Data 
polling, to indicate the completion of data write. 
The RDY/Busy approach indicates the completion 
of data write by using pin 1. It is low when the 
HN58C65 is in data write operation (Busy) and 
turns to high impedance state at the end of data 
write (RDY). RDY/Busy pin should be pulled up as 
it uses open drain output. The RDY/Busy pins can 
be wired-OR when using several HN58C65s. 
The Data polling approach, implemented by soft- 
ware, indicates the completion of data write 
through pin 19 (1/07). While the data write is not 
completed, |/O7 shows the inverted data of what 
was written in the last cycle. In using this approach, 
RDY/Busy pin should be opened or grounded. 
The Data polling approach can acknowledge the 
completion of data write in an individual HN58C65, 
even if several HN58C65s are used in the system. 
Data Protection: EEPROM performs data write 
with a higher voltage (Vpp) than power supply 
voltage (Vcc). The HN58C65 internally generates 
Vpp by a high voltage generator with the combina- 
tion of control pins (CE, OE, WE). It supports the 
following functions to avoid accidental data write 
(data protection). 
1. Data protection against the noise on the control 
pins (CE, OE, WE) during operation. 
2. Data protection against the noise at power-on/ 
power-off. 
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6. EPROM/OTPROM 

6.1. EPROM Programming 

Figure 6-1 shows the sectional structure of an 
EPROM memory cell. The upper gate, one of the 
gates made of two-layered polycrystalline silicon, is 
called the control gate and is connected to a word 
line. The lower layer is called the floating gate and 
is not connected. This memory cell is programmed 
as follows: With substrate and source grounded, 
apply high voltage between drain and control gate. 
Then, an electric potential incline occurs between 
source and drain so that intensity of the electric 
field becomes high near the drain. Because of this 
electric field, electrons are accelerated and so-called 
hot electrons are generated, which jump over the 
energy barrier of SiO, film. Hot electrons are 
pulled by the electric potential of the contro! gate 
and pour into the floating gate. Electrons stored in 
the floating gate remain stable, as they fall into a 
well surrounded by an energy barrier of SiO, film. 
Therefore, it is evident that the quality of SiO, film 
surrounding the floating gate is essential for good 
data retention characteristics. To keep data reten- 
tion in the 5- or 10-year range, high quality SiO, 
film is needed. 

Figure 6-2. shows the fundamental characteristics of 
the EPROM transistor. While Ip in a non-pro- 
grammed transistor begins to flow with Vg of about 
1V, the current in a programmed transistor does not 
flow until Vg rises to 7 VV — 10 V. Therefore, if the 
voltage of word line applied to the control gate is 
about 5 V in readout, the non-programmed memory 
transistor will be on, and the programmed one will 
be off. This means that the data can be read out by 
means of the same structure as NOR-type mask 
ROM. 


6.2, Erasing EPROM 

When shipped, all bits of the EPROM are at logic 1 
with all electrons in the floating gate released 
(erase). Changing the logic 1 to logic 0 through the 
application of the specified waveform and voltage, 
programs the necessary information. The higher the 
Vpp voltage and the longer the program pulse width 
tow, the more electrons can be programmed in, as 
shown in Figure 6-3. If Vpp exceeds the rated 
value, such as by overshoot, the p-n junction of the 
memory may yield to permanent breakdown. To 
avoid this, check Vpp overshoot of the PROM 
programmer. Aliso, check negative-voltage-induced 
noise at other terminals, which can create a parasitic 
transistor effect and reduce the yield voltage. 


Hitachi's EPROMs can usually be written and erased 
more than 100 times. 


Control Gate 
Floating Gate 


P Substrate 







Figure 6-1. Cross Section of EPROM Memory Cell 


Ip 


Non-programmed 
Memory cell 


Programmed 
Memory cell 





Fundamental Characteristic of EPROM 
Memory Cell 


Figure 6-2. 


Programming Conditions ; 
8 Vee =) 6.0V . 
Vpp =12.5V 


Stored Charge (Relative) 
a 





0.1 «0.2 0.5 1 2 5 10 
Program Pulse Width tew (ms) 


Figure 6-3. Standard Programming Characteristics 
of EPROMs 


EPROMs are erased by ultraviolet light exposure 
through a transparent window on the package. 
Electrons in the floating gate get energy from 
photons and become hot electrons again with 
enough energy to go over the energy barrier of SiO, 
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film. The hot electrons go through to the control 
gate or the substrate and erasure is completed. 
Therefore, light with enough energy to get the 
electrons over the energy barrier of SiO, film is 
needed for erasure. Light energy is proportional to 
its frequency, and described as E = hy. E means the 
energy of light, h is Planck’s constant, v is light 
frequency. Erasure isn’t caused by light over certain 
wavelengths, and under certain wavelengths, erasure 
does occur. However, erasure time depends upon 
the quantity of photons, therefore erasure time 
cannot be shortened by shorter wavelength. Figure 
6-4 shows the relation between wavelength and 
erasure effectiveness. Erasure starts at about 4000 
A, and is saturated at about 3000A. 


2 
g 
@ 
a) 
3000A 4000A Wavelength 
Figure 6-4. Erasure Efficiency of EPROM 


For erasure, the wavelength and minimum irradia- 
tion rate of ultraviolet light must be 2,537A and 15 
We s/cm? respectively. These conditions can be met 
by placing the device 2 — 3cm below a 12,000 
W/cm? UV lamp for about 20 minutes. 

The UV transmittance of the transparent lid 
materials is about 70%. However, it is influenced by 
contamination or foreign materials on the lid 
surface. Contamination or foreign materials should 
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Figure 6-5. Standard Erasure Characteristics 
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be removed with a solvent such as alcohol that does 
not damage the package. 

Figure 6-5 shows EPROM standard erasure charac- 
teristics. 


6.3. EPROM Data Retention Characteristic 

About 2 to 20x 10* coulomb of electrons are 
accumulated in the floating gate when programmed. 
However, these electrons dissipate with time. Then 
the data may be inverted. The mechanism of 
electron dissipation is generally explained as fol- 
lows. 

Data Dissipation by Heat: The electrons at the 
floating gate are in a non-equilibrium state, so the 
dissipation of electrons by thermal energy is un- 
avoidable. Therefore, the data retention time 
depends on temperature. Figure 6-6 shows typical 
data retention characteristics. The data retention 
time is proportional to the reciprocal of absolute 
temperature. 
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Figure 6-6. EPROM’s Data Rentention Characteristic 


Data Dissipation by Ultraviolet Light: Ultraviolet 
rays at a wavelength of not greater than 3,000 — 
4000A is capable of releasing the electric charge at 
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Figure 6-7, EPROM’s Data Retention Time 
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floating gate of the EPROM with varying efficien- 
cies. Fluorescent light and sunlight contain some 
ultraviolet light, and so prolonged exposure to these 
lights can cause data corruption as a result of 
electric charge dissipation. Figure 6-7 shows the 
standard, data retention time under an ultraviolet 
eraser, sunlight and fluorescent lighting. 


6.4 Optimized High-Speed Programming 

With the increase of EPROM density, the time for 

programming becomes more important. The 

method for high speed programming has been de- 

veloped and put into practical use according to 

each EPROM generation. 

Following explains three methods for High-Speed 

programming. 

(1) First generation ... conventional programming. 

This method is employed in the 3 um and 5 um 

process products. Programming is performed with 

a uniform pulse of 50 ms per byte. Although it is 

the advantage that it applies enough pulse to all 

bits, it takes much time to program high density 

devices. 

(2) Second generation ... High performance 
programming 

This method is employed in 2 um process product. 

“High Performance programming (figure 6-8) is 











SET PROG./VERIFY MODE 
Vop=12.5£0.3V Voo=6.0+0.25V 


Address + 1Address 


NOGO 






SET READ MODE 
Vee =5.0+ 0.25V,Vpp=Vec 


Figure 6-8. High-Speed Programming 
(High Performance Programming) 






performed with a base pulse of 1 ms width. It 
repeats programming and reading (verifying) until 
the data is programmed enough. There are two 
good points in this programming. 
First, the programming itself is performed with 
optimum program time depending on the capabili- 
ty of each memory cell. 
Second, after verification, the data is programmed 
using three times as long a pulse and assures high- 
reliability data retention. 
(3) Third generation ... Fast High Reliability Pro- 
gramming 
This method is employed in the 1.3 um process 
products. ‘Fast High-Reliability Programming” 
(figure 6-9) is performed with a base pulse of 0.2 
ms. It also shortenes a supplement pulse width to 
one-third of that of “High Performance Pro- 
gramming”. As a result, this method realizes short 
programming time, reduced to _ one-tenth 
theoretically. 
1M bit EPROM series employ “Page Pro- 
gramming”, which programs 32-bit at once (figure 
6-10), reducing programming time to a quarter of 
“East High-Reliability Programming” for 128k x 8 
organization and a half for 64k x 16 organization. 
Figure 6-11 shows the programming time of above 
methods. 













SET PROG./VERIFY MODE 
Vep=12.5£0.3¥ Voo=6.040.25V 







Address=0 


NOGO 


SET READ MODE 
Vec=5.0 £0.25V,Vep=Vee 


Figure 6-9. 0.2ms High-Speed Programming 
(Fast High-Reliability Programming) 
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Figure 6-10. Page-Mode Programming 
(Page Programming) 


6.5 Device Indentifier Code 

EPROM programming conditions depend on 
EPROM manufacturers and device types, confusion 
may cause miss operation. As a countermeasure 
some EPROMs provide device identifier code in- 
cluding such information as manufacture and device 
type. Some newly developed commercial EPROM 
programmers can set write conditions automatically 
by recognizing this code. 

Different programming conditions are as follows: 
(1) program voltage, (2) program timing, (3) high- 
performance programming algorithm, (4) pin con- 
figuration. The Hitachi EPROM has a device 
identifier code area besides the memory access area, 
as shown in figure 6-12. 
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(Note) Actual program time differs according to 
the programmer, 


Figure 6-11. Shortened Program Time by High- 
Speed Programming. 
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Figure 6-12. Device Identifier Code 


Table 6-1 describes how to use the device identifier 
code. Setting A9 at 12 V and Al — A8, A10 — A113 
at Vi access the device identifier code area and 
1/00 — 1/07 output the programming condition 
code with V,, or Vi, of AO. 
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Tablel 6-1. Hitachi EPROM Device Identifier Code 
1/08-1/015 















1/07 





1/05 | 1/04 | 1/03 1/02 























aaa a Hitachi 0 
HN27128A 0 

HN27256 0 

HN27C256 1 

ae HN27C256H | Viz 0 
HN27C256A 0 

HN27512 1 

HN27C1024H 1 





A9: 12V 
Al -A8, Al0 -Ai3: Vyz, 
A14, A15: Don’t care 


6.6 Shielding Label 

When using an EPROM in an environment where it 

can be exposed to ultraviolet light, Hitachi recom- 

mends putting a shielding label on its transparent lid 

to absorb ultraviolet light. In choosing a shielding 

label, the following points should be carefully 
checked. 

* Adhesiveness (mechanical strength). Avoid 
repeated attaching or exposure to dust that may 
reduce the adhesive strength. Ultraviolet erasing 
and reprogramming are recommended after 
stripping off an attached label. (When the need 
arises to change a label, it is advisable to put a 
new one on over the old one since peeling may 
create a static charge.) 

* Allowable temperature range. Use the shielding 
label in an environment whose temperature falls 
within the specified allowable temperature range. 
Beyond the specified temperature range, the 
paste on the label may harden or stick too fast. 
When it hardens, the label may come off easily. 
When it sticks too fast, the paste may remain on 
the window glass after the label has been re- 
moved. 

* Moisture resistance. Use the shielding fabel in an 
environment whose humidity falls within the 
specified allowable humidity range. 


6.7 EPROM Programmer 

The EPROM programmer stores the user’s program 
in its internal RAM and writes the program in the 
EPROM. For this programming, 3 functions at least 
are necessary: blank check function prior to pro- 
gramming, programming function, and the verify 
function after programming. Figure 6-13 shows the 
programming flow chart. Some programmers check 
for pin contact failure or the reverse insertion 
before the blank check. 

The outline of each block is as follows. 


oooocococo 2/5 
-— O- BP RS OO} © 








. Pin contact check 


In the ROM pin and socket connection test, 
checking is normally performed by detecting the 
forward current at each EPROM pin. Care is 
necessary as this forward biased resistance differs 
in products of each company. 


. Reverse insertion check 


This check detects the reverse insertion of the 
device, places the equipment in reset mode and 
protects the device and equipment. 


. Blank check 


This check is performed before programming. It 
checks whether the device is an erased EPROM, 
or it preventing EPROM reprogramming. Since 
the output data in the erased condition are 1 
(high level), check whether or not data in 
EPROM are all 1. It will fail-stop even when one 
bit is O (low level). Normally, it is designed to 
provide warning with a lamp or buzzer. 


. Programming 


The function of programming the data in the 
internal RAM of the programmer into EPROM 
will fail-stop when programming cannot be done. 
The normal flow is as shown in figure 6-14. The 
EPROM data will be read out prior to pro- 
gramming and compared with programming data. 
If they coincide, programming will be skipped 
and if they differ, programming will be per- 
formed. Then, the data will be read out again 
and compared with the programming data, and if 
they coincide, the programmer will progress to 
the next address. 


. Verify 


This function checks after programming com- 
pletion whether or not the programming is 
correct when comparing with the data in the 
internal RAM of the programmer. It performs 
fail-stop when they do not coincide. Normally, 
when it fails, it lights the fail lamp and displays 
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START. 
“oN 
77 \ 
7 \ 
7” Check Pin S 


\. Contact 7 
N 7 


7 
Se , 





Address Set 





Programming 





Programming 





Is it the 
Final Address ? 





Figure 6-14. Programming 
Flow Chart of EPROM 
Programmer (2) 


Figure 6-13. Programming 
Flow Chart of EPROM 
Programmer (1) 


the address and data. 

6. How to input the program 
Table 6-2 shows several methods for inputting 
the program data to the internal RAM of the 
programmer. Normally, paper tape input and 
teletypewriter input are prefered options. 


Table 6-2. EPROM Data Input 


















Method 
Copy input 
Manual input 


Content 
Input by copying the master ROM. 


Input by the keyswitch on the front 
panel. Used for correction or 
revision of program 


Read the paper tape furnished 
from the host system with the 
tape reader 


Input with the teletypewriter. 
Preparation, correction, and list 

preparation of the program can be 
made. 









Paper tape input 









Teletypewriter 
input 


6.8 Handling EPROMs 

Touched with a charged human body or rubbed 
with plastics or dry cloth, the glass window of an 
EPROM generates static electricity which causes de- 
vice malfunctions. Typical malfunctions are faulty 
blanking and write margin setting that give the false 
impression that information has been correctly 
written in. As already reported at the international 
conferences concerning the reliability of LSI chips, 
this is due to the prolonged retention of electric 
charge (resulting from the static electricity) on the 


Application 


glass window. Such malfunctions can be eliminated 
by neutralizing the charges by irradiating with ultra- 
violet rays for a short time. The EPROM should be 
reprogrammed after this irradiation since it reduces 
the electric charges in the floating gate, too. The 
basic countermeasure is to prevent the charging of 
the window, which can be achieved by the following 
methods as in the prevention of common static 
breakdown of ICs. 

1. Ground operators who handle the EPROM. 
Avoid using things such as gloves that may 
generate static electricity. 

2. Refrain from rubbing the glass window with 
plastic or other materials that may generate static 
electricity. 

3. Avoid the use of coolant sprays which contain 
some ions. 

4. Use shielding labels (especially those containing 
conductive substances) that can evenly dis- 
tribute established charge. 


6.9 Ensuring OTPROM Reliability 

One time electrically programmable ROM 
(OTPROM) has two kinds of packages: standard 
dual in-line package (DIP) and smal! outline package 
(SOP). It is one time only programmable because it 
has no window for ultraviolet light exposure; testing 
by programming and erasure cannot be performed 
after it is assembled. 

So, Hitachi performs screening test for program- 
ming, access time, and data retention on wafers at 
proving test. 

However, rare defects may occur in the assembly 
process cannot be completely removed in final test 
screening which is only a reading test. 

Therefore, Hitachi recommends that users perform 
high temperature baking after programming devices 
to ensure high reliability. 

Detailed conditions and procedures for screening are 
shown in figure 6-15. First, program and verify 
devices. Then, leave them without bias at 125 to 
150°C for 24 to 48 hours. 

After that, check read-out function and remove the 
chips with data retention failures. 

From the results of devices in which the recom- 
mended screening test is properly performed, we 
confirm that the data retention characteristics of 
OTPROMs are equal to general EPROMs. 
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Programming, 






Data 
Retention 


Wafer Screening 


Program and 


el 
by Programmer 


Baking at 
125 to 150°C 


for 24 to 48hrs 





Recommended 
Screening Conditions 


Figure 6-15. Screening Flow Chart of OTPROM 
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SO indicates the head of the file and S9 indicates the 
end of the file. The actual data starts following $1. 
This means that the data starts from the address 
(hexadecimal) indicated in the address size. The 
address of the address size of the data recorder is 


compared with the next data recorder address by 
counting in increments of 1 byte of the data and 


checking whether it is sequential or not. 


The 


printed example of the HMCS6800 toad module 
mode is as shown in figure 7-3. 


Header Record ~S00B000058204558414D504CB5 


Data Record 


Data Record 
End of 


File Record >~S9O030000FC 


—~SII3FO007EFS5587EF7897EFAA77EF9CO7EFIC47E24 


—>S1LI2FOLOFA657EFA8B7EFAAO07EF9DC7EFA247E06 





Figure 7-3. HMCS6800 Load Module Example 


If an address is skipped, enter the skipped address 
into the ‘‘ROM Specification Identification Sheet’’ 
and the data (00 or FF) entered into the skipped 
address. 


5. BNPF mode 
One word is symbolized by the word start mark 
B, the bit content represented by 8 characters of 
P and N, and the BNPF slice composed of succes- 
sive 10 characters of the work end mark F. 
The contents from F of one BNPF slice up to B 
of the next BNPF slice are ignored. 
(Example) The code of AA (hexadecimal) is 

symbolized as shown in figure 7-4. 

It is necessary to designate the bit pattern (BNPF 
slice) on all ROM addresses. Therefore, the term 
of the ROM head address of ‘’ROM Specification 
Identification Sheet” always becomes 0. 


Boe ee es Indicates start of 1 word. 
Nikos ails noe oP Gad 8 indicates 1 bit data. 

Pisces ce end ea. Girard aren Indicates 1 bit of 1 data. 
Face etch baste sd ave Sree Indicates end of 1 word. 






7.3 Specification of Floppy Disk 


1. 





Use the following type of floppy disk (figure 
7-5): 
Type. . . . 8 Inch Single Sided and Single Density 
Number of Sectors .............000. 26 
Number of Tracks... ........00000 05 77 
Sector 26 
/ Sector 01 
: ’ Sector 02 
Sector 21 SN : 
SS \ ; Sector 03 
; 
i 
n \ 
Sector 16 


Track 74 SS 
One Record 
Track 00 
(Index - Track) 
Figure 7-5. Floppy Disk Format 


2. Use EBCDIC as the use code. 
3. Format the floppy disk as described below. 


Composition is described in table 7-1. 









































” K Record size ..........4.. 80 byte/1 record 
" P 
nN 
p 
; Table 7-1. Floppy Disk Composition 
N 
foe ‘\ No. Item 
t Track Sector 
i Standard Volume Label 00 07 
: Standard Head Label 00 08 — 26 
P —— nes GE 
: Data Area | 01 — 73 | O1 — 26 
t Alternal Track 75,76 01 — 26 
Spare Track 00 01 — 06 
Figure 7-4. BNPF Mode Example ee i | 01 = 26 
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7. MASK ROM PROGRAMMING INSTRUCTION Length ..... 2,400 feet, 1,200 feet or 600 feet 
Widtho..5%.< Bde nie a ceeded 1/2 inch 
The writing of the custom program code into mask Channel | oc62 os aie See ae 9 channels 
ROMs is performed by the CAD system on a large- Bit density .... 800 BPI or 1,600 BPI (Clearly 
sjzed computer. ROM code data should conform to State which it is in the “ROM 
specifications given below, using either paper tape, Specification Indetification 
EPROM, or magnetic tape. Additional instructions, Sheet’’.) 
such as chip select and customers’ part number, 2. Use EBCDIC as the use code. 
should be given in the ‘ROM Specification | dentifi- 3. Follow the format of the magnetic tape as de- 
cation Sheet” scribed below 
No leading tape mark 
7.1 Specification of EPROM No label 
1. Submit the three sets of the EPROM-stored data. Record size ............. 80 byte/1 record 
Specify the address of the EPROM in the case of Block size ..........40- 10 records/1 block 
two or four EPROMs. The end of the file should be indicated by 2 
2. The ROM code data is input from the start successive tape marks (TM) (figure 7-1). 
address to Final Address in the EPROM. 4. HMCS6800 load module data mode. This mode 
3. Type of EPROM is the object mode output from the assembler 
HN482764 (8-kword x 8-bit, 2764 Compatible) HMCS6800. 
HN4827128 (16-kword x 8-bit, 27128 Com- Divide the 8-bit code into the upper and lower 
patible) 4-bit codes, and convert each into hexadecimal 
HN27256 (32-kword x 8-bit, 27256 Com- notation. 
patible) Example: The code 1100 0110 is as follows 
HN27C256 (32-kword x 8-bit, 27C256 Com- under binary notation. 
patible) (Upper 4-bits) (Low 4-bits) Bit weight 
D7D6D5D4 =03D201D0 (ROM output 
7.2 Specification of Magnetic Tape 110 0 0 1 #1 #O equivalence) 
1. Use the following type of magnetic tape which The actual load module mode is shown in figure 


can be used by a magnetic tape device com- 7-2. 
patible with the IBM magnetic tape device. 


4Ow 


tit E 
0 
: 


Dats End of 
Header record file record 


Figure 7-1. Magnetic Tape Format 


record 


Record Start 


Record Type 


Byte Count 





Address Size 


8 


Data 











Check Sum A8& (Check Sum ) 








Figure 7-2. HMCS68000 Load Module Data Format 
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Use the sectors as in figure 7-6. Use one sector used for one record. 
for one record, that is, 80 bytes out of 128 bytes 4. Data Mode. See data mode for magnetic tape. 


1 Track 










Sector 24 Sector 25. Sector 26 
(128 bytes) | (128 bytes) 





(128 bytes) 




























Record 25 
(80 bytes) 


Record 26 
(80 bytes) 


Record ! 
(80 bytes) 


Record 2 
(80 bytes) 


Record 3 
{80 bytes) 






Record 24 
(80 bytes) 





Figure 7-6. Floppy Disk Sector Format ' 
unused 


“Customer 
Part Number” 
Chip Select 
and Other 
Informat,on 


Check the 
ROM Specification 
<aentification Sheet > 


Customer List 


Computer Processing 


Mask Preparation 
Instruction 


Investion 


Figure 7-7. Mask ROM Development Flowchart 
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8. INSTRUCTIONS FOR USING MEMORY 
DEVICES 

8.1 Prevention of Electrostatic Discharge 
As semiconductor memory designs are based on a 
very fine pattern, they can be subject to malfunc- 
tion or defects caused by static electricity. Though 
the built-in protection circuits assure unaffected re- 
liability in normal use, devices should be handled 
according to the following instructions: 

1. In transporting and storing memory devices, put 
them in conductive magazine or put all pins of 
each device into a conductive mat so that they 
are kept at the same potential. Manufacturers 
should give enough consideration to packing 
when shipping their products. 

2. When devices touch a human body in mounting 
or inspection, the handler must be grounded. Do 
not forget to insert a resistor (1MQ approx is 
desirable) in series to protect the handles from 
electrical shock. 

3. Keep the relative ambient humidity at about 50% 
in process. 

4. For working clothes, cotton is preferrable to 
synthetic fabrics. 

5. Use a soldering iron operating at low voltage (12 
V or 24 V, if possible) with its tip grounded. 

6. In transporting the board with memory devices 
mounted on it, cover it with conductive sheets. 

7. Use conductive sheets of high resistance (about 
10° ohm/Q) to protect devices from electrostatic 
discharge. For, if dropped onto conductive 
materials like a metal sheet, devices may de- 
teriorate or even breakdown owing to sudden 
discharge of the charge stored on the surface. 

8. Never set the system to which memory devices 
are applied near anything that generates high 
voltage (e.g. CRT Anode electrode, etc.). 


8.2 Using CMOS Memories 

As shown in figure 8-1, the input of a CMOS 
memory is connected to the gate of an inverter con- 
sisting of PMOS and NMOS transistors. Figure 8-2 
shows the relationship between the input voltage 
and current in this inverter. The top and bottom 
transistors turn ON and make current flown when 
the input voltage becomes intermediate level. There- 
fore, it is necessary to keep the input voltage below 
0.2 V or above Vcc — 0.2 V in order to minimize 
power consumption. The data sheet specifies the 
stand-by current for both the cases of input level 
with minimum V)4 and maximum V,,_ and that 
with 0.2 V or Vee — 0.2 V, and the difference in 
value is remarkably great. Some memory devices 


are designed to cut off such current flow in standby 
mode by the control of input signals, but it depends 
on device type. This should be confirmed in data 
sheets for each device type. 


Vee 


+! 


P 
Input Output 
N 
Figure 8-1. CMOS Inverter 


Current( Arbitrary Unit) 





Input Voltage 


Relationship between Input Voltage & Current 
In CMOS Inverter 


Figure 8-2. 


Another problem particular to CMOS devices is 
latch-up. Figure 8-3 shows the cross section of a 
CMOS inverter and the structure of a parasitic 
bipolar transistor. The equivalent circuit of the 
parasitic thyristor is shown in figure 8-4. When 
positive DC current or pulse noise is applied (figure 
8-4 (a)), TR3 is turned on owing to the bias voltage 
generated between base and emitter. And trigger 
current flows into GND through Rp, the base re- 
sistance of TR2. As a result, TR2 becomes conduc- 
tive and current flows from power supply (Vcc) 
through the base resistance of TR1 (Ry), which 
puts TR1 into conduction, too. Then, as the base 
of TR2 is rebiased by collector current from TR1, 
the closed loop consisting of TR1 and TR2 reacts. 
Thus current flows constantly between power 
supply (Vcc) and GND even without trigger current 
caused by outside noise. 

Latch-up can be caused by a negative pulse, too 
(figure 8-4 (bb)). Most of semiconductor memory 
manufacturers are trying to improve latch-up im- 
munity of their products. Hitachi provides enough 
guard band by applying diffusion layer around 
inputs and outputs, taking care not to connect input 
to p* diffusion layer. Input voltage for 64 kbit 
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static RAM HM6264A, for example, is specified as 
follows: 
Vin max 6.0 V (not depending on Vcc) 
Vii min3.0V (pulse width = 50 ns) 
-0.3 V (DC level) 






Internal Input © 


Vece(+5V) Vee 






P 
Internal Input Pin 
n> 
Vss 9 (0V) 
(a) 
Figure 8-3. 
ceeet ew 
Pin r Vee | 
y { 
pag ! 
| 
Rn| 
Trs t 
| 
Taal 
Positive Tz, ON I 
Voltage | I 
! i 
Tr: ON | 1 
ed 
t 
Tr: ON Lo a} 
(a) Thyristor Effect by 
Positive Voltage 
Figure 8-4. 


8.3 Noise Prevention 

Noise in semiconductor memories is roughly clas- 
sified into input signal noise and power supply 
noise. 


8.3.1 Input Signal Noise 

Input signal noise is caused by overshoot and under- 
shoot. If either of them is out of recommended DC 
operating conditions, normal operation is hindered, 
and voltage over absolute maximum rating will 
break the device. In operating high speed systems, 
special care is required to prevent input signal 
noise. 

The noise can be prevented by inserting a serial re- 
sistance of less than 50 ohm into each input or a 
terminating resistance into the input line. Actually, 
however, input signal noise can be simply reduced by 
a stable power supply line, because it is often caused 
by unstable reference voltage (GND level). 


Application 


Thus almost no consideration for latch-up is re- 
quired in system design. 


Cross Section Structure of CMOS Inverter 


Negative Tr, ON 
Voitage { 


Tr: ON 


{ 
Ta: ON 


(b) Thyristor Effect by 
Negative Voltage 


Equivatent Circuit of Parasitic Thyristor 


8.3.2 Power Supply Noise 

The power source noise can be classed as low- 
frequency noise and high-frequency noise as shown 
in figure 8-5. To assure stable memory operation, 
the peak-to-peak power supply voltage in the pre- 
sence of low-or high-frequency noise should be held 
below 10 percent of its standard level. 


High-frequency Noise 
Not More than 10% of Standard 
Power Supply Voltage. 


ares 
— 





Low-frequency Noise 

Nor Men than 10% of Standard Power 
PEt Lowe and High-freauen 

Te x | cy 

Net More than +10% of Standard Power 

Supply Voltage. 


Figure 8-5. Power Source Noise 
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Devices like dynamic RAMs, which operate from 
clock signals, or high speed CMOS static RAMs, 
through which current flows during transition of 
signals, consume high peak current. When a power 
supply does not have enough capacity for the peak 
current, voltage drops. And if the recovery rate of 
the power supply synchronizes with its time con- 
stant, it may start oscillating. To reduce the in- 
fluence of the peak current, a bypass capacitor of 
0.1 — 0.01 uF should be inserted near the device. 
The following points must be considered in design- 
ing pattern of the board: 
* For bypass capacitors, use titanium, ceramic, or 
tantalum capacitors which have better high- 


Preferred 


=| 


CS ——o 


Signal 











foie 


Vee Vss Vcc Vss Vcc Ves 


Data 1/0 


Figure 8-6. 


8.4 Address Input Waveform of Hi-BiCMOS 
Memory 

Data stored in memory might be destructed in case 

that Address Input of the HM6716, HM6719, 

HM6787, HM6788 and HM6789 series becomes 

floating and sticks at and around threshold voltage. 

(e.g, CPU does Address Bus to off state in Figure 1.) 

Consequently, the following three methods are re- 

commended so as to preserve malfunction of 

memory device. 

A: Insert latch as shown in Figure 8-7 lest Address 
Input should become floating. 

B: Put CS into High while Address Input becomes 
floating. 

(Dotted line in Figure 8-8) 

C: Insert Pull-up Resistor (R) to hold time 
constant of Rising Edge wave form of Address 
Input pin (tr = R x C) below 150 ns. 

Stable operation can be assured if you have already 

adopted the above three method (A, B, C), while 

if you have any problem, please contact our sales 
offices. 


frequency characteristics. 

* Bypass capacitors must be applied as near to the 
power supply pin of memory devices as possible, 
and inductance in the path from Vcc pin to Vss 
pin through the bypass capacitor must be as little 
as possible. 

* The line connected to the power supply on the 
board should be as wide as possible. 

* It is preferrable for the power supply line to be 
at right angles to devices selected at the same 
time, lest too much peak current should flow 
through one power supply line at a time. 


Non-preferred 


-Faults- 
1. Bypath Lines are too 


ong. 
2. Devices Selected at 


a Time are on the 
Same Mother Line. 


Vee Vss 
Data 1/0 


Examples of Power Supply Board Pattern 







Pull-up 
Resistor 











CPU 






Memory 






Address 
Bus 







“Stray 
capacitance 


| 

| 

cs on board 

Control Cc | aka 
i 


Figure 8-7 









Address 
input 


Write Floating Read 


Figure 8-8 
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Section 2 
MOS Static RAM 
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HIMIG11G Series — — Maintenance Only 


2048-word x 8-bit High Speed CMOS Static RAM 


MFEATURES HM61I6P Series 
@ Single 5V Supply 
@ High speed: Fast Access Time 120ns/150ns/200ns (max.) 
@ Low Power Standby and Low Power Operation 
Standby: 100uW (typ.) 
10uW (typ.) (L-version) 
Operation: 200mW (typ.) 


175mW (typ.) (L-version) 
@ Completely Static RAM: No clock or Timing Strobe Required 
@ Directly TTL Compatible: All Input and Output 
@ Pin Out Compatible with Standard 16K EPROM/MASK ROM 
@ Equal Access and Cycle Time 
®@ Capability of Battery Back Up Operation (L-version) 


(DP-24) 


HM6116FP Series 
MIORDERING INFORMATION 


Access Time 















Package 





HM6116P-2 

HM6116P-3 

HM6116P-4 600mil 24pin 
HM6116LP-2 Plastic DIP 
HM6LI6LP-3 


HM6116LP-4 


HM6116FP-2 
HM6116FP-3 
HM6114FP-4 


HM6116LFP-2 
HM6116LFP-3 
HM6116LFP-4 














24pin Plastic SOP 






(FP-24D) 





MPIN ARRANGEMENT 
_MEFUNCTIONAL BLOCK DIAGRAM 


Memory Matrix 


128 x 128 





(Top View) 


Note) This device is not available 
for new application. 
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HM6116 Series 


MABSOLUTE MAXIMUM RATINGS 














—55 to +125 
a ees 


Voltage on Any Pin Relative to Vss 










Operating Temperature 








Storage Temperature 
Storage Temperature Under Bias 


Power Dissipation 
Note) #1. --3.5V for pulse width $50ns 


MTRUTH TABLE 









WE 












Ref. Cycle 


es 
ree ee ee — 
GR es (NS TN 
Eats Ve Wane sf ee ee 












Read Cycle (1)~(3) 
Write Cycle (1) 
Write Cycle (2) 






Supply Voltage 







Input Voltage 


Note) * 1. —3.0V for pulse widths 50ns. 


HIDC AND OPERATING CHARACTERISTICS (Vec=5V+10%, Vss=0V, Ta=0 to +70°C) 
HM6116-2 HM6116-3/-4 













































































Item Symbol Test Conditions : : Unit 
Input Leakage Current \{ut| Vcc =5.5V, Vin= Vss to Vcc Be 3e3 LA 
7. CS= Via or OE= Vin, =< - 10 7 a 10 
Output Leakage Current |ILo| a a= HA 
Vivo = Vss to Vcc eel ese are = — L 2*3 
a ae a wd af 80 = 35 70 
Icc CS= Viz, I1vo=0mA ‘aa —|— mA 
Operating Power Supply a 35*3| 70*3 = 30*3} 60*3 
a raes = a Se = 
Current Vin =3.5V, Vit =0.6V, 35 30 
Icc1*? 7 teal a t— mA 
| 7 I1vo=0mA be 30 oe 2 
: 2 40 80 de 
Average Operating Current Icc2 | Min. cycle, duty = 100% 
tvo=0mA - 
ore ate an 
Ise CS= Vin 
Standby Power Supply 
Current ‘ CS2 Vec —-0.2V, OVS VinS 
en 0.2V or Vec —0.2V 8 Vin 
i Tor=4mA 
Voi 
Output Voltage foLr=2.1mA 
Vou Ton=—1.0mA 











Notes) #1. Vec=5V, Ta=25'C 
* 2, Reference Only 
* 3. This characteristics are guaranteed only for L-version. 
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HM6116 Series 


HECAPACITANCE (f=1MHz, Ta=25°C) 












Input Capacitance 
Input/Output Capacitance 


[Speed [test Contos a 
ae ee 
a a 






Note) This parameter is sampled and not 100% tested. 


HBAC CHARACTERISTICS (Vcc=5V+10%, Ta=0 to +70°C) 


@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 
input Rise and Fall Times: 10 ns 


Input and Output Timing Reference Levels: 1.5V 
Output Load: 1TTL Gate and C, (100pF) (including scope and jig) 


@READ CYCLE 


Item 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low Z 
Output Enable to Output Valid 
Output Enable to Output in Low Z 
Chip Deselection to Output in High Z 
Chip Disable to Output in High Z 
Output Hold from Address Change 


@WRITE CYCLE 


Item 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 
Address Set Up Time 

Write Pulse Width 

Write Recovery Time 

Output Disable to Output in High Z 
Write to Output in High Z 

Data to Write Time Overlap 
Data Hold from Write Time 
Output Active from End of Write 


HITIMING WAVEFORM 
@ READ CYCLE (1)‘” 


Address 


= 
lez 


Dour 


66 


To 
fas \\\ ines 


HM6116-2 HM6116-3 HM6116-4 


Symbol 


terz 


tonz 


~ ~ 
° = 
e oO 
N 


HM6116.2 

| min [max | mwin | max | min |x 
tee | wo | = [iso ff a0 | 
eae a a es ee 
ae ae ee ee 
Ee ae es ee 
mere eS ee eee 
eee ae ee Petes il 
ee ee 
| oo | so To | | | 
en ee ee ee ee 
ee ae ee ee ee 
pee ee 


int 


OD 
| VVTTZZ 
VVTTALZ 


00 GED 66 
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Unit 


ns 
ns 
ns 
as 
ns 
as 
ns 
ns 


ns 


Unit 


HM6116 Series 


@READ CYCLE (2)‘"‘??“” 


Address 


Dout 


@READ CYCLE (3)‘?°?“”? 


ts 





Dout 


NOTES: 1. WE is High for Read Cycle. 
2. Device is continucusly selected, CS = Vj,. 
3. Address Valid prior to or coincident with CS transition Low. 
4. OE= Viz- 


e WRITE CYCLE (1) 





Address 


we 
Wi 


m LL} a 
Bo ARO 
WE PAX 





tonz : jay (1) 
Dou VLAN NAN AN 
SJLLLLLS 
Din 
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HM6116 Series 


@WRITE CYCLE (2)°” 


twe 


Tn Gan an, 


twa(2} 


e YX ree 
me WAY : 





ta r (3) 
; twnz (6) (7) 
VA NV VV VL OS ODO DD ton LVNINLN ZN 
MS DIDI I ae A NVA 
Din 
NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 
2. twp is measured from the earlier of CS or WE going high to the end 
of write cycle. 
3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 
4. If the CS low transition occurs simultaneously with the WE low 


transitions or after the WE transition, output remain in a high im- 
pedance state, 
OE is continuously low. (OE = V;,) 
- Dout is the same phase of write data of this write cycle. 
- Dogg is the read data of next address. 

if ros is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 


DID 


MLOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


This characteristics are guaranteed only for L-version. 








item Test Gontions Emir [ay [ees | 

Vcc for Data Retention CS2Vec -0.2V, V.2zVec -0.2VorV¥.80.2V| 2.0 [ -— [| — | Vv 

Data Retention Current Vec=3.,0V,CS22.8V, Vin22.8V or OVS VivS0.2V — | 30 | KA 

Chip Deselect to Data Retention Time ; | = | ns 
See Retention Waveform aa ai 

Operation Recovery Time tae trc ns 


Notes) #1. 10uA max at 7a=0°C to +40°C, Viz min=—0.3V 
* 2. trc=Read Cycle Time. 


@Low Vcc Data Retention Waveform 


Deta Retention Mode 
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HM6G116A Series— — Maintenance Only 


2048-word x 8-bit High Speed Static CMOS RAM 


= FURTURES . HM6116AP Series 
@ High speed: Fast Access Time 120ns/150ns/200ns (max.) 
@ Low Power Standby and Standby: 100LW (typ.) 

Low Power Operation 5uW (typ.) (L-version) 


Operation: 15mW (typ.) (f = 1 MHz) 
10 mW (typ.) (L-version) 


Equal Access and Cycle Time 
Capability of Battery Back Up Operation (L-version) 


®@® Single 5V Supply and High Density 24 Pin Package 

®@ Completely Static RAM: Noclock or Timing Strobe Required 

@ Directly TTL Compatible: All input and Output (DP-24) 
© Pin Out Compatible with Standard 16K EPROM/MASK ROM HM6116ASP Series 

e 

e 


MJORDERING INFORMATION 


Access Time 














Type No. Package 












HM6116AP-12 120ns 
HM6116AP-15 150ns 
HM6116AP-20 200ns 600mil 24pin 












Plastic DIP (DP-24N) 





120ns 
150ns 
200ns 


120ns 
150ns 
200ns 


120ns 
150ns 
200ns 


HM6116ALP-12 
HM6116ALP-15 
HM6116ALP-20 


HM6116ASP-12 
HM6116ASP-15 
HM6116ASP-20 


HM6116ALSP-12 
HM6116ALSP-15 
HM6116ALSP-20 








@PIN ARRANGEMENT 










300mil 24pin 
Plastic DIP 




















MEFUNCTIONAL BLOCK DIAGRAM 


—o Ke 






Memory Matrix ——o Vs 


128 x 128 













Column 1/0 


Column Decoder 


cs “SS 






Input 
Data 
Control 


(Top View) 






Note) This device is not available for new application. 
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HM6116A Series 





MABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vss 


Operating Temperature 

Storage Temperature 

Storage Temperature Under Bias 
Power Dissipation 

Note) * 1. -3.5V for pulse width $50ns. 





MTRUTH TABLE 


1/0 Pin Ref. Cycle 


a as ee ee TST 
a a a STI 


Write Cycle (2) 











Supply Voltage 






Input Voltage 


Note) * 1. ~3.0V for pulse widthS 50ns. 


= DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Vss = OV, Tq = 0 to +70°C) 
itech Syiibet Unit 


type max [min [yp*™ | max [min [typ* [max 


Voc=5.5V, Vin=Vss - 
to Voc 2 — 2 2 uA 


Input Leakage 

















Current Ui! 
Output Leakage ro CS=Vizy or OE=Vixz, | _ _ _ 
Current LO Vrjo=Vss to Voc | 
CS= Vin, J1j9=0mA - 5 
Foc | y.,=V py or V [ — | 4* 
Operating Power in® "IH Of TIL 
Supply Current Virn=Vec, Vit= Ov, - 3 
Ico. | CS=Vzz’ 
Trj9=0mA, f=1MHz — | 2*? 








Average Operating a min. cycle, Tjo=0mA | - | 35 | 60] — | 25 | 45 | 
Current duty = 100% = 


Tsp | CS=V iz 














Standby Power 


| = | 

ial 
Supply Current cs Voc-0.2V ea 0.02 

ee 





ISBI | oy < vin 





VoL |\lor =4mA 


Output Voltage 


Notes) *1. Voc=5V, Tg=25°C 
*2. This characteristics is guaranteed only for L-version. 
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HM6116A Series 


MBCAPACITANCE (f/—1MHz, Te=25°C ) 


Item 









[Test Conditions | typ | mex 
ee a eS ee (ee ee 
losesatiOise tole 


Vion 0V 










Input Capacitance 





Input/Output Capacitance 
Note) This parameter is sampled and not 100% tested. 

WAC CHARACTERISTICS (Vec=5V+10%, Ta=0 to +70°C) 
@AC TEST CONDITIONS 


Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levets: 1.5V 

Output Load: 1TTL Gate and C, = 100pF (including scope and jig) 


@ READ CYCLE 








Item Symbol Unit 
| min | max | min | max | min | max_| 
Read Cycle Time | trc | 120 | - | 150 | - | 200 | - | ns 
Address Access Time | taa_ | - {| 120 | - | 150 | - | 200 | ns 
Chip Select Access Time | tacs | ~- | 120 | - | 150 | - [ 200 | ns 
Chip Selection to OutputirLowZ | terz | 10 | - | 10 | - | 10 | - | ns 
Output Enable to Output Valid | toe | - | 35 | - | 60 | - | 70 | as 
Output Enable to Output in Low Z fore Be ns 
Chip Deselection to Output in High Z tone 40 | | 50 | of 60 [ nos 
Chip Disable to Output in High Z | tonz | 0 | 40 [| o [| so | o | 60 | ns 
Output Hold from AddressChange || ton | 10 | - | 15 | - | 20 | - | ns 


@ WRITE CYCLE 


HM6116A-12 HM6116A-15 HM6116A-20 
Item Symbol Unit 


Data Hold from Write Time ton ns 


Oi 
Output Active from End of Write | tow | 10 | 


GITIMING WAVEFORM 
@READ CYCLE (1)‘” 


ns 


smo |__| amenas | senna 
Write Cycle Time | twe | 120 | - | 1so | - | 200 | - | os 
Chip Selection to End of Write [ tew | 70 | - | 99 | - | 120 | - | ns 
Address Valid to End of Write taw | ios | - [| 120 | - | 140 | ~ | ns 
Address Set Up Time ie ee ee ee ee ee eee 
Write Pulse Width [twe | 70 | - | so | - | 100 | - | os 
Write Recovery Time [wr | o | - | o | - [ of - | os 
Output Disable to Output inHighZ | tonz | 0 | 40 [| 0 | so | 0 | 60 | as 
Write to Output in High Z [twuz | 0 | 35 [| 0 | 40 | 0 | so | os 
Data to Write Time Overlap ER a a ee 

Fase (ee [eee Me Sa 

ee ae ee ae 


Address ae tay 
o \\\AAAAY KYL LLL 
os \\\ toLz st KV LLALL 
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HM6116A Series 


@READ CYCLE (2p6P°? 
tRc 


Address 


t, 
ton OH 


Dout 


@READ CYCLE (Spree 
cs. 


tacs tcnHz 
tcLz 
Dout 


NOTES: 1. WE is High for Read Cycle. 
2. Device is continuously selected, CS = V7, . 
3. Address Valid prior to or coincident with CS transition Low. 
4. OF= Vin- 





@WRITE CYCLE(1) 


Address 


Dout 
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HM6116A Series 
@WRITE CYCLE (2)‘” 


Address 





NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 

2. twr is measured from the earlier of BE ot WE going high to the end 

of write cycle. 

3. During this period, 1/O pins are in the output state so that the input 

signals of opposite phase to the outputs must not be applied. 

4. If the CTS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

OE is continuously low. (OE = V7; ) 
- Dour is the same phase of write data of this write cycle. 
- Dogt is the read data of next address. 

if a is Low during this period, {/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 





PIM n 


MILOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0 to +70°C) 


This characteristics is guaranteed only for L-version. 


Syrbal 


Vor CS 2 Vcc -0.2V 


am [|_| 
nn 
recon] Ver=B.0W, CSURV, EV +t | 
ec a aa 
ae =| 


See Retention Waveform 


Notes) * 1. 10¢A max at Ta=0°C to + 40°C, Viz min= —0.3V 
* 2.tzc= Read Cycle Time. 


@Low Vcc Data Retention Waveform 











Vcc for Data Retention 
Data Retention Current 
Chip Deselect to Data Retention Time 













Data Retention Mode 
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HIVIG716 Series ———_— Maintenance Only 
HM6G‘719 Series 


2048-word x 8-bit High Speed Hi-BiCMOS Static RAM (with OE) 
2048-word x 9-bit High Speed Hi-BiCMOS Static RAM (with OE) 


Features 

Fast Access Time: 25/30ns (max) 

Low Power Dissipation (DC): 280mW (typ.) 

+5V Single Supply 

Completely Static Memory No Clock or Timing Strobe Required 
Balanced Read and Write Cycle Time 

Fully TTL Compatible Input and Output 





@ ORDERING INFORMATION 





Type No. Access Time Package 




















(DP-24NC) 
HM6716P-25 25ns 
avepon ouns 300 mil 24 Pin = PIN ARRANGEMENT 
HM6719P-25 25ns Plastic DIP 
HM6719P-30 30ns © HM6716 
1 
® Block Diagram 2 
3 
4 
5 
“ —°Vcc 6 
Row a Memory Matrix |~° VSS 7 
Decoder 128X128 , 
3 







(144) 


_ 
°o 





(Top View) 
@ HM6719 


oement aon ke, &Be NS 


= Absolute Maximum Ratings 


10 








-0.5 to +7.0 






Terminal Voltage to Vg Pin 
Power Dissipation 

Operating Temperature Range 
Storage Temperature Range 






(Top View) 
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HM6716, HM6719 Series 


= Truth Table 
@® HM6716 













Ref. Cycle 


[VecCurent [Pin | 
Hort | Notselected | IgmJgp1__| Wish? 
Pt [Read Fees tee [Boat 















Write Cycle (1) 
Write Cycle (2) 























Write Cycle (2) 








*) Pulse Width: 20ns, DC: —0.5V 


® DC and Operating Characteristics (Voc = 5V + 10%, Tz = 0 to +70°C) 





Input Leakage Current Voc=5.5V,Vin=VsstoVcc | - | - | 2 | uA 
Output Leakage Current po! CS=V pry, Viyjo= Vss to Vcc PF - | - [| 2] uA 
Operating Power Supply Current CS=V yz, [1jo20mA P= [ = | 120 mA 
Average Operating Current Min, Cycle, Duty: 100%J7;g-OmA fF - | - | 130 mA 


[ieee ies ee 
Standby Power Supply Ga> > 
Current Ten) Css Veo~0.2V 10 mA 
Vin Ss 0.2V or Vind Voc—0.2V 


Output Low Valg ae 





Output High Voltage Vou |/on=—-1mA 2.4 





@AC Test Conditions 


Input pulse levels: Vg to 3.0V 

Input and Output reference levels: 1.5V 
Input rise and fall time: 4ns 

Output Load: See Figure 


+5V +5V 
910 9102 
Dout Dout 
6202 30pF* 6200 5pF* 
P E. *including 
scope and jig 
Output Load A Output Load B 


(tcnz: twuz. tcrz. tow towz» tong) 
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HM6716, HM6719 Series 


® Capacitance (7, = 25°C, f= 1.0 MHz) 


Syn 


| min | yp | mx | 
Input Capacitance SONS al ha INN 2 
1/O Capacitance Vijo=0V p - | - | 8 | 


Note) This parameter is sampled and not 100%, tested. 





®AC Characteristics (Vcc 5V + 10%, Tz = 0 to +70°C, unless otherwise noted.) 


®@ Read Cycle 
Item Symbol : Unit Notes 
| min | max | min | max | 
Adres Asoo Time 70 a a 
Output Enable to Output Vali tos [0 | [0 | 
Outpot Eablet Outputin tow? | org | 0 | - | 0 | - | m [2 
Output Hold from Addvews Changs | ton | 3 | - | 8] - | | - 
Input Voltage Rise/Fall Time Vir [=| 150 = 50s 8 
@ Write Cycle 
Item Symbol : Es Unit Notes 
| min | max | min | max _| 
Write Cycle Time two | 25 | - | 30 | - | ms | - 


Chip Selection to End of Write | tew | 2 | - | 2 | - | ms | - 
Address Setup Time Pas |? | - | °|- ]™_ 
Address Valid to End of Write | taw | 20 | - [{ 25 [| - [| ns | - 
Write Pulse Width twe | | - | 2s | - [| ~ | —- 
Write Recovery Time twr | o | - | 0 | = | ns | - 
Output Disable to Output in High Z | tonz | oO | 10 | O | 10 | ns | *1,%2 
Write to Output in High Z Viwaz | 0 | 0 | 0 [a [| m | 

Data Valid to End of Write | tpw | is | - | is | - | nm ] - 
Data Hold Time rion | 8 | - | 5 | - | ™ | - 
Output Active from End of Write | tow | 0 | - | 0 | - | ns | “2 


Notes) *i. These parameters are for HM6716. 
*2. Transition is measured 200mV from steady state voltage with Load(B). 
This parameter is sampled and not 100% tested. 
*3. If t7 becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi’s Sale Dept. regarding specification. 
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HM6716, HM6719 Series 


8 Timing Waveforms 
© Read Cycle (1)"' 


-—_—___-___—— trc 





Address 


Dout 





@ Read Cycle (2)°'-*?.°4 





tro 
Address 


tAA 






Dout Previous Data Valid 


@ Read Cycle (3)°'"*"4 


cs tre 


Dout 





Notes) *1. WE is High for Read Cycle. = 
*2. Device is continuously selected, CS=Vjz. 
*3. Address Valid prior to or coincident with CS transition Low. 
*4. OE=Vy. 
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HM6716, HM6719 Series 


@ Write Cycle (1) 


Address 


Dout 


Din Y Data Valid OK 
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HM6716, HM6719 Series 


© Write Cycle (2)°5 







Address 





: id WAALS? 





Notes) *1. A write occurs during the overlap (twp) of a low CS and low WE. 

*2. twR is measured from the earlier of CS or WE going high to the end 
of write cycle. 

*3. During this period, 1/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

*4, If the CS lowtransition occurs simultaneously with the WE low tran- 
sitions or after the WE transition, output remain in a high impedance 
state. 

*5. OE is continuously low. (OE=Vjz ). 

*G6, Dout is the same phase of write data of this write cycle. 

*7. Dout is the read data of next address. 

*g. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6268 Series 


4096-word x 4-bit High Speed CMOS Static RAM L 


sFEATURES | 
@ Single 5V Supply and High Density 20 Pin Package. 
@ High Speed: Fast Access Time 25/35/45ns (max.) 
@ Low Power Standby: 100uW typ, 5uW typ (L-version) 
Active: 250mW typ. 

® Completely Static Memory: No Clock or Timing 

Strobe Required 
@ Equal Access and Cycle Times 
Directly TTL Compatible — All Inputs and Outputs 
© Capability of Battery Back Up Operation (L-version) 


























(DP-20N) 
MIORDERING INFORMATION 
Type No. Access Time | Package MIPIN ARRANGEMENT 
HM6268P-25 25ns 
HM6268P-35 35ns 
HM6268P-45 45ns 300mil 20pin 














HM6268LP-25 25ns Plastic DIP 
HM6268LP-35 35ns 
HM6268LP-45 45ns 
MBLOCK DIAGRAM 
Avo 


‘ —— Vee 
MG Memory Array 
64 Rows 


256 Columns 


wa— Vss 


Aso 





Nee Row Decoder 





Azo 


(Top View) 


1/010 








= Column 1/0 
Column Decoder 
pl JX 


1/02 9 






Input Data 
Control 


1/03 0 


Voltage on Any Pin Relative to Vss —0.5*! to +7.0 






Power Dissipation 1.0 






0 to +70 
—55 to +125 
—10 to +85 


Operating Temperature 








Storage Temperature 





Temperature under Bias 


Note) #1. —3.5V for pulse width<10ns. 
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HM6268 Series 


Mi TRUTH TABLE 


ee 


Write Cycle 








Parameter 












Supply Voltage 






Input High (logic 1) Voltage 





Input Low (logic 0) Voltage 
Note) * 1.—3.0V for pulse widths 10ns. 


@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, as = OV, T, = 0 to + 70°C 


ied 






Parameter Unit 


=r 








lI,,| Vcc _ 5.5V, Vin ze Vss to Vcc 
Lol | CS = Vins Vio = Vss 0 Vec 


Input Leakage Current 








Output Leakage Current 














Operating Power Supply Current 





xX. 
lec CS = Vi, Ivo = OMA, min. cycle 
5 


a 

fe SOE | 80" 
[tse | CS = Vin min. cycle Se ee 

eal 

eee 

eal 


i) 


Standby Power Supply Current 






nN 
Oo 


CS = Vee -0.2V, | 0.02 | 2.0 | 
Ispi OV S Vin S 0.2V or Vee - 0.2V < Vin 172 50*2 
Pee eaten or eae 


Notes) * 1. Typical limits are at Vcc =5.0V, Ta= +25°C and specified loading. 
* 2. This characteristics is guaranteed only for L-version. 
* 3. 40mA typ. for 45ns version. 


MECAPACITANCE ( 7a=25°C, f=1.0MHz) 


Test Conditions | min | ma 
A 
Dare [wow SCS 


Note: This parameter is sampled and not 100% tested. 


Standby Power Supply Current (1) 





Output Low Voltage 








Output High Voltage 
















Unit 


Parameter 















Input Capacitance 


Input/Output Capacitance 





MEAC CHARACTERISTICS ( Vcc=5V +10%, Ta=0 to +70C, unless otherwise noted. ) 
@ AC Test Conditions Input and Output timing reference levels: 1.5V 
Input pulse levels: Vss to 3.0V Output load: See Figure 
Input rise and fall times: 5ns 
Output Load (B) 


Output Load (A) (for (HZ, (LZ, twz & tow) 
5V 
480Q 480Q 
Dout Dout 
255Q 30pF* 255Q 5pF* 


* Including scope and jig. 
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HM6268 Series 


@READ CYCLE 
HM6268-25 HM6268-35 HM6268-45 ins 
Parameter Symbol nit 
Tw [wn [we [in | a | 


Read Cycle Time 


oe as ee 


x 


sys 
= i]a th [a 
n 


i] 
ao 


tA 


— 


on 
on 


Address Access Time 


Chip Select Access Time 


nN 
(s3) 
w 
on 
_~ 
or 


Output Hold from Address Change 


= 
N 
* 
— 
— 
Oo 
— 
oO 
— 
i=) 


Chip Selection to Output in Low Z y 


* 


Chip Deselection to Output in High Z tz** 


dD 
oS 


Chip Selection to Power Up Time 


ca 


Bl 
i~] inj 


w 
oS 


Chip Deselection to Power Down Time 


Note) * 1. Transition is measured + 200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


@ Timing Waveform of Read Cycle No. 1/12) 


tac 









Address 


en 
XXX? 


Dout 


cs 





err eae ea ___ 
Warten —KXXX 


OXY 


Dout High Impedance 





teu 


Vcc Suppiy Tee 
Current 


Isp 


Notes: 1. WE is HighforReadCycle. 
2. Device is continuously selected, CS= Vyz. _ 
3. Address Valid prior to or coincident with CS transition Low. 


7 Fe ' HM6268-25 HM6268-35 HM6268-45 
arameter ymbo 
in [ma 


@ WRITE CYCLE 


min max 
Write Cycle Time 
Chip Selection to End of Write 
Address Valid to End of Write 
Address Setup Time 
Write Pulse Width 35 


Write Recovery Time 
Data Valid to End of Write 


iwc 
tcw 
taw 
tas 
wp 
wR 

Data Hold Time 

wz 


| | = 
| 2 | = 
coon es 2 
le 27 fee 
P| 
as 
ee 
ese ee 
nak 

Le! 


Write Enabled to Output in High Z 


or 


= 
=; 5 


ee ed 
ee | 
oe ad 
ee ea 
ees) 
Ls 
feeds ee 
ae 
ts we 
ie ee 


Output Active from End of Write az 


Note) * 1. Transition is measured +200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HM6268 Series 


@ Timing Waveform of Write Cycle No. 1 (WE Controlled) 


tuc 


Address 







co NAYS AL LLL ALLL 


*1 
tas tur 
: a 
. : a 
ii Koen Ver KR 


*3 *5 *6 


tow 








tw 


High Impedance 
Dout 


@ Timing Waveform of Write Cycle No. 2 (CS Controlled) 





Address 





Dout High Impedance (4) 


Notes: 1. A write occurs during the overlap of a low CS and a low WE. (twp). 

. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 

must not be applied. ae a 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to 
the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle, if twp is long enough. 


wr 
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HM6268 Series 





LOW Vic DATA RETENTION CHARACTERISTICS (0°C S$ Tas70C) 


This characteristics guaranteed only for L-version. 


| Symbol | Test Conditions | min | yp | max 
TS Vec—0.2V es ee eee 
ew foresee” Lae 
— See retention waveform 


Notes) * 1. ¢ac™ Read Cycle Time. #2. Vee @3.0V 
#3, Vee@2.0V 








Parameter Unit 





Vcc for Data Retention 









Data Retention Current 










Chip Deselect to Data Retention Time 





Operation Recovery Time 


@LOW Vcc DATA RETENTION WAVEFORM 


DATA RETENTION MODE 





ee ee ee ae ae ae me a i we a a eae a ee eee em em em ew mm me ee eK 
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Supply Current Icc (Normalized) 


Access Time tga, tacs (Normalized ) 


Access Time tas. tacs (Normalized ) 





SUPPLY CURRENT VS. SUPPLY SUPPLY CURRENT VS. AMBIENT 
VOLTAGE TEMPERATURE 











s 
a 
Supply Voltage Vec (V) Ambient Temperatare Ta (‘C) 
ACCESS TIME VS. SUPPLY ACCESS TIME VS. LOAD 
VOLTAGE CAPACITANCE 
1.8 
1.6 
z 
z 
g 
3 12 
: 
E io 
3 
< 
08 
0.6 
0 100 200 300 400 
Supply Voltage Vec (V) Load Capacitance C, (pF) 
ACCESS TIME VS. SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE FREQUENCY 
T (ns) 
1 100 50 33 25 20 
1.0 
i 0.9 
é 
8 08 
0.7 
0.6 
085 16 20 a0 
Ambient Temperature Ta (°C) Frequency f (MHz) 
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HM6268 Series 
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HM6268 Series 


INPUT LOW VOLTAGE VS. SUPPLY INPUT HIGH VOLTAGE VS. SUPPLY 
GE VOLTAGE 


VOLTA 





“a 
E E 
z z 
a E 
> > 
§ i 
S S 
& 
: 3 
Supply Voltage Vcc (V) Supply Voltage Vcc (V) 
OUTPUT CURRENT VS. OUTPUT OUTPUT CURRENT VS. OUTPUT 
VOLTAGE VOLTAGE. 








i i 
E E 
ig Z 
5 “4 
E g 
8 se 
ra 6 
Output Voltage Von (V) Output Voltage Vo. (V) 
STANDBY CURRENT VS. AMBIENT STANDBY CURRENT VS. SUPPLY 
TEMPERATURE VOLTAGE 
: i 
3 z 
5 : 
7 3 
- s Ta=25'C 
a CS = Vec—0.2V 
N 
Ambient Temperature Ta (°C) Supply Voltage Vcc (V) 
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HM6G267 Series 


16384-word x 1-bit High Speed CMOS Static RAM 


a FEATURES 

@ High Speed: Fast Access Time 35/45/55ns (max.) 

@ low Power Standby and Low Power Operation 
Standby: 0.1mW (typ.)/5uW (typ.) (L-version), 
Operation: 200mW (typ.) 

@ Single 5V Supply and High Density 20 Pin Package 

@ Completely Static Memory ...... No Clock or Timing Strobe 

Required 

@ Equal Access and Cycle Time 

@ Directly TTL Compatible: All Input and Output 

@ Capability of Battery Back Up Operation (L-version) 





@ ORDERING INFORMATION 
Package 











HM6 267P-35 
HM6 267P-45 
HM6267P-55 


HM6267LP-35 
HM6267LP-45 
HM6267LP-55 


300 mil 20 pin 
Plactic DIP 
















—— Vee 


—— Ks 










Memory Array 
128 x 128 


Row 


Decoder 





> 





Colum } 0 
Column Decoder 


i ae ee ae" ee ie ee 
MELiEE, 


An Aso As An Ar As As 


a ABSOLUTE MAXIMUM RATINGS 


Symbel 
























Voltage on Any Pin*! -0.5*2 to +7.0 

Power Dissipation Pr | 0 | Ww 
Operating Temperature 
Storage ey 

Temperature 55 to +125 





Storage Temperature Under Bias 





“1010183 
Notes) “1. With respect ot Vgg. 


*2. -3.5V for pulse width S$ 20ns. 
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HM6267 Series 


@ TRUTH TABLE 


Read Cycle 


Write Cycle 









4.5 
Supply Voltage 

ss_| 0 | 
2 
-0.5"! 


Note) *1. ~3.0V for pulse width S 20ns 





Input Voltage 





®™ DC AND OPERATING CHARACTERISTICS (Voc = 5V + 10%, Vss = OV, Tz = 0 to +70°C) 


Input Leakage Current 
Output Leakage Current 
Operating Power Supply Current 


CS 2 Voc - 0.2V, 
OV SViN $0.2V ot 


Z 
a 
N 
a 
~ 
we 
Lo) 
= 
= 
a 
NS 
a 
~ 
& 
wa 
a 
wa 


=; Unit 
typ"! 


— 
=) 


Stand by Power Supply Current 






wn 
oO 
* 
N 


aS 
tlo 
Yip 
S 
ns 


Output Voltage 


Und 
» 
Ne 
[8 
Leg 
eS 
m 1S < 
2 le PS o 
N _ 
Lv) te an 
Gir] sd ° 
i) 
3 
> 


Notes) *1. Typical limts are at Voc = 5V, Tg = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 


@ CAPACITANCE (7, = 25°C, f= 1MHz) 


Input Capacitance 





Output Capacitance 


Note) This parameter is sampled and not 100% tested. 


m AC CHARACTERISTICS (Voc = SV 10%, T, = 0 to +70°C, unless otherwise noted) 
@ AC TEST CONDITIONS 


Input pulse levels: Vss to 3.0V Output Load A Output Load B 
Input rise and fall times: 5ns +5V (for twz, tuz, twz & tow) 
Input and Output timing reference levels: 1.5V o 
Output load: See Figure 4808 4800 
Dour 
2580 30pF° Dour 
2550 ar’ 
* Including scope and jig. * Including scope and jig. 
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HM6267 Series 


Chip Select Access Time 
Output Hold from Address Change | ton | $ | 
Chip Selection to Output inLowZ | trz | 5 | - | S| | 5 | - | ons | 23,7 
Chip Deselectio to Output in High Z | taz [| 0 | 30 | o | 30 | 0 | 30 | ns | 2,3,7 
Chip Selectio to Power Up Time | teu [| of - | of =- [ o | - | os | 
Chip Deselection to Power Down Time | tp | - | 20 | - | 30 | - | 30 | ns | 


@ TIMING WAVEFORM OF READ CYCLE NO. 1 4) ») 
tre 


@ Read Cycle 
= Te eras merase TT 
[| min | [max | min | max_| ae 
Read Cycle Time | tre | 35 | EAE 
Address Access Time tAA | - | | 4s | 5s 
es ns 
_ 5 | - | ns | 


Address 


taa 





ton 
Previous Data 
Valid 










Data Out Data Valid 


@TIMING WAVEFORM OF READ CYCLE NO. 2%? ® 
tre 


High Impedance 


Datwout: ee Ampedance Data Valid = 


I 
Vec Supply <-=----- 
Current /sB 


Notes) 1. All Read Cylce timing are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, f;;7 max. is less than f; 7 min. both for a given device and 
from device to device. 
3. Transition is measured +500mV from steady state voltage with specified loading in Load B. 
4, WE is High for READ cycle. 
5. Device is continuously selected, CS = Vz. 
6. Addresses valid prior to or coincident with CS transition low. 
7. This parameter is sampled and not 100% tested. 


@ Write Cycle 


Steele 
Write Cycle Time two fas { - | 4s [ =~ | ss [ - | os | 2 
Chip Selection to End of Write | tew | 30 | - | 40 | - | so | - | ns | 
Address Valid to End of Write | taw | 30 | - | 40 | - | so | - | os | 
Address Setup Time tas fof - | of - [| o |] - | ms | 
Wie Pulse Wil wef 0 = se 
Data Valid to End of Write | tw | 20 | - | 2 | - | 25 | - | as | 
Write Enabled to Output in High Z | twz | o | 2 | o | 25 | o | 25 | ns | 3,4 
Output Active from End of Write [tow | o | - | o | - | o | - | os | 3,4 
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HM6267 Series 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 


SSS 
ae &. Se 2.02" 
YW 


\, a i 


Data Out Data Undefined 
High Impedance 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 


w WW LITT. 
" 2 7 


twz 


High Impedance 
Dout Data Undefined 


Notes) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
2. Ali Write Cycle timings are referenced from the last valid address to the first transitions address. 
3. Transition is measured t500mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 


@ HITACHI 7 
90 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HM6267 Series 


BLOW V.c DATA RETENTION CHARACTERISTICS (0°C S$ TaS70°C ) 


This characteristics is guaranteed only for L-version. 


Vcc for Data Retention CSz Vec-0.2V 


Data Retention Current V..2 Vec—0.2V or OVS V..S0.2V 


Chip Deselect to Data Retention Time 
Operation Recovery Time ete see retention waveform eke 


Notes) * 1. tac™Read Cycle Time. #2. Vec@3.0V 
#3, Veo =2.0V 


Unit 







ns 


ae 


@LOW Vic DATA RETENTION WAVEFORM 


DATA RETENTION MODE 





CS2Vec-02V 





SUPPLY CURRENT VS. SUPPLY VOLTAGE SUPPLY CURRENT VS. AMBIENT TEMPERATURE 


Supply Current /cc (Normalized) 
Supply Current Ice (Normalized) 





Supply Voltage Veo (V) Ambient Temperature Ta (C) 
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HM6267 Series 


ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE 


Access Time taa, tacs (Normalized) 
Access Time tas, tacs (Normalized) 





Supply Voltage Veo (VW) Ambient Temperature Ta (C) 


ACCESS TIME VS. LOAD CAPACITANCE SUPPLY CURRENT VS. FREQUENCY 
T (ns) 
ia 7 200 100 66 50 40 Re 
16 10 
Eu = os 
2 2 
12 : OR 
j 10 = 0.7 
OK 06 
06 05 
0 100 200 300 400 “Oo 5 10 15 Et) 25 » 
Load Capacitance Cit pF Frequency f (MHz) 


INPUT LOW VOLTAGE VS. SUPPLY VOLTAGE INPUT HIGH VOLTAGE VS. SUPPLY VOLTAGE 


Input Low Voltage Vii (Normalized) 
Input High Voltage Vin (Normalized) 





Supply Voltage Vee (V) Supply Voltage Vec (V) 
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HM6267 Series 


OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE 


Output Current fon (Normalized) 
Output Current loz (Normalized) 





Output Voltage Von (V) Output Voltage Vor (V) 


STANDBY CURRENT VS. 
AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE 





CS=2.8V 


Standby Current Isa: (A) 
Standby Current [ssi (Normalized) 





Ambient Temperature Ta (T) Supply Voltage Vcc (V) 
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HM6264A Series 


8192-word x 8-bit High Speed CMOS Static RAM 





Maintenance Only 


® FEATURES 


HA6264AP Series 
@ Low Power Standby Standby: 0.1mW (typ.) 
10uW (typ.) L-/LL-version 
Low Power Operation Operating: 15mW/MHz (typ.) 
@ Fast access Time 100ns/120ns/150ns (max.) 
@ Single +5V Supply 
@ Completely Static Memory. .... No clock or Timing Strobe Required 


@ .Equal Access and Cycle Time 

@ Common Data Input and Output, Three State Output 

@ Directly TTL Compatible: Ali Input and Output 

® Capability of Battery Back Up Operation (L-/LL-version) 


(DP-28) 


HM6264ASP Series 
m ORDERING INFORMATION 


HM6264AP-10 
HM6264 AP-12 
HM6264AP-15 


HM6264ALP-10 
HM6264ALP-12 
HM6264ALP-15 


HM6264ALP-10L 
HM6264ALP-12L 
HM6264ALP-15L 


HM6 264 ASP-10 
HM6264ASP-12 
HM6264ASP-15 


HM6264ALSP-10 
HM6264ALSP-12 
HM6264ALSP-15 


HM6264ALSP-10L 
HM6264ALSP-12L 
HM6264ALSP-1I5L 


HM6264AFP-10 
HM6264AFP-12 
HM6264AFP-15 


HM6264ALFP-10 
HM6264ALFP-12 
HM6264ALFP-15 


HM6264ALFP-10L 
HM6264ALFP-12L 
HM6264ALFP-15L 


Note) T is added to the end of the type no. for a SOP of 3.00 mm (max.) 
thickness. 


600 mil 28 pin 
Plastic DIP 


(DP-28N) 


HM6264AFP Series 


300 mil 28 pin 
Plastic DIP 


28 pin 
Plastic SOP 
(Note) 





(Top View) 
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® BLOCK DIAGRAM 


—o Vec 
—o Vss 








Memory Matrix 
li 





= 
Column 1/0 
Column Decoder 
to 


ws 


Column Decoder 


® ABSOLUTE MAXIMUM RATINGS 





Item Unit 
Terminal Voltage”! VT -0.5*2 to +7.0 V 
Power Dissipation Pr aes ee ee 
Operating Temperature Topr °C 
Storage Temperature Tstg —55 to +125 °C 
Storage Temperature (Under Bias) T bias -10 to +85 °C 


Notes) *1. With respect to Vigg. 
*2. -3.0V for pulse width S 50ns 


# TRUTH TABLE 


W|CS,[cS,[OE] wows [Worm [Vac Gren 

lee Oe eas 
Pa [a [ac | Power Downy 
HE} Far owt Diabla 2—Hee 
Reba ope pa | 




















Read Cycle 






PLLA vie | Din [icc __| Write Cycle (1) 
Piju[i| | Din Licc | Write Cycle (2) 


® RECOMMENDED DC OPERATING CONDITIONS (Tz = 0 to +70°C) 


Item 







Supply Voltage 


Input Voltage 


Note) *1. -3.0V for pulse width S 50ns 
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HM6264A Series 


— 


® DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, Vss = OV, Ty =O to +70°C 











Average Operating Current 





Cycle time = lus, duty = 100%, Io = QOmA, 
CSI $ 0.2V, CS2 2 Voc -0.2V 
Vins 2 Voc -0.2V, Viz, S$ 0.2V 


Isp CS1 =V yxy or CS2=V7z, 


Siac ela cad ie CS12V cC-0.2V, CS22Vec-0.2V or 
SB1"2 | ov < 082 $0.2V, OVS Vin 


Icc2 mA 





Input Leakage Current Vin=Vgg to Vcc i 2S, pl eal; De BA 
Output Leakage Current eames : oe or OE= V7z, or WE= V7, ase ae 
Mincree, duty=100%, CS1=V7z,, CS2=Viwz | 30 | 45*8 fk 

7 

lee 


y/o 
218 





i) 
* 
> 


IoL=2.1mA 


VoL , 
Output Voltage 
Vou IoH=-1.0mA 


Notes) *1. Typical limits are at VCC=5.0V, Tg=25°C and specified loading. 
*2. Vit min=-0.3V 
*3. This characteristics is guaranteed only for L-version. 
*4, This characteristics is guaranteed only for LL-version. 
*5. For 120ns/150ns version. 
*6. For 100ns version. 


<|< 


g : 
° wn 
+4 z 
3 
> 


® CAPACITANCE (f= 1MHz, 7, = 25°C) 


symbot Tesi Conaiion | wp [max [Unn 
acon 


Input Capacitance Cin 


Input/Output Capacitance Vijo = OV p= [ 7°] pF 


Note) This parameter is sampled and not 1007. tested. 





@ AC CHARACTERISTICS (Vcc = 5V+10%, Ta = Oto +70°C) 
e@ AC TEST CONDITIONS 

Input Pulse Levels: 0.8V/2.4V 

Input Rise and Fall Time: 10ns 

Input Timing Reference Level: 1.5V 

Output Timing Reference Level: 0.8V/2.0V 


Output Timing Reference Level: HM6264A-10 1.5V 
HM6264A-12/15 0.8V/2.0V 


Output Load: 1TTL Gate and Cz (100pF) (including scope and jig) 
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@e READ CYCLE 


HM6264A Series 


= iucaean = 
| min | max [min | max | min | max_| 

Read Cycle Time tre | 100 | - | 120 | - [| 150 | - | os 
Adress Asses Ti el I A Re Gm a 
Chip Selection Ourpae LSE tor 1008 P20) f=] 150 ns 
es teg2 || a0 [20 |= 50 

Output Enable to Output Valid toE 1 = [| 50 | - | 6 | ~ | 70 | ns 
Chip Selection to cst | ez | 10 [| - | 1 [ - | is | - | ns 
Guputintowé Fos age [a0 = [a0 | = J sf 
Quiput Enable wo Output Low 2 —[igig [5s -[ =] s |=] s | | 
Chip Deselection to pest [ewzz | 9 | 35 | o | 40 [| oo | so | os 
a 
Oaipat Diabie vo Ontpatim High Z| tonz | 0] 35 [0 | 40] 050 
Output Hold from Address Change ton | 10 | - | 10 | - | 10 | - | os 


Notes) 1. tyz and toyz are defined as the time at which the outputs achieve the open circuit condition and are not referred 


to output voltage levels. 


2. At any given temperature and voltage condition, t77z max is less than tz z min both for a given device and from 


d device to device. 


e READ CYCLE 


tRC 


Address 


SAN: 


tAA 
'COl 


tLZ1 
tco2 


se 


tLZ2 


SANNA cea - 


Dout 


Note) 1. WE is high for Read Cycle 


K 
| 





cae 
TMM 
cue 

ALO 


x Cet ie 


OH 
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HM6264A Series 


e WRITE CYCLE 


HM6264A-10 HM6264A-12 HM6264A-15 


= 

min [mex | min [max [min | max_| 
Wite Cycle Time rave [100 | - | 120 | - | iso | - 
Chip Selection to End of Wate | tcw | 80_| | @ | - | 100 | -_| 
Address Setup Time nd a NY 
Address Valid to End of Write | taw_| 80 | — | 8 | - | 100 | — | 
Wits Pulse Width Viye [60 |= [70 | - [9 | —_| 
Write Recovery Time i ea pe eee 
Wits to Output in High Z twa [of 35 | 0 | a [0 | 50 
Data to Write Time Overlap op ae (oe ae ee SO 
Data Hold from Write Time ae a 
Output Enable to Output in FizhZ | towz | 0 | 35 | 0 | 40 | 0 | 50_| 
Output Active rom End of Write | tow | 5 | _- | 5 |_- | 5 | -_| 


e WRITE CYCLE (1) (OE clock) 


twe 


ssn Nite erecsere oe 


OF ee ema Se 
oa 
eo QU III 


Re ee 


tonz (5] 


eves yes bes ee NN 
EL LL LAD LEAD SL LS ‘pW ‘DH 


ss 
W/ 


EOE 
AE XXXN 


tas [3] 
WE 


Din 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


HM6264A Series 
@ WRITE CYCLE (2) (OE Low Fix) 


two 


tAW 


Address 





twR [4] 
tcw [2] 


ROU WOR sae mma 946 (LILLIES 
ena aaa 
ea I AIS IITA yA, 


— 


~ Louse ¥\ YE ‘on 





(8] 
fee ae ae bo £ NAL 
BPE LAL Spe ay 7 tpw DH WH IMNDLA 


Din 


[9] 
OBS 
Z\ 


LLLLLINLY 


NOTES: 1) A write occurs during the overlap of a low CSi, a high CS2 and a low WE. A write begins at the latest transi- 
tion among CSi going low, CS2 going high and WE going low. A write ends at the earliest transition among 
CSI going high, CS2 going tow and going high, twp is measured from the beginning of write to the end 
of write. 

2) tow is measured from the later of CS1 going low or CS2 going high to the end of write. 

3) tag is measured from the address valid to the beginning of write. 

4) twr is measured from the earliest of CSI or WE going high or CS2 going low to the end of write cycle. 

5) During this period, I/O pins arein the output state, therefore the input signals of opposite phase to the outputs 
must not be applied. 

6) If CST goes low simultaneously with WE going low or after WE going low, the outputs remain in high im- 
pedance state. 

7) Dout is the same phase of the latest written data in this write cycle. 

8) Dout is the read data of next address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input signals 
of opposite phase to the outputs must not be applied to them. 
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HM6264A Series 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 
This characteristics is guaranteed only for L/LL-version. 










v CS812Ve¢-0.2V, CS22 Vec-0.2V or 
DR CS2 $0.2V 


Voc = 3.0V 
CSI 2 Vcc -0.2V 
CS2 2 Vcc -0.2V or OVSCS2S0.2V,0VSVj, 





Voc for Data Retention 







Data RetentionCurrent 

















Chip Deselect to Data Retention 
Time 






See Retention Waveform 





Operation Recovery Time 





Notes) *1. Vzz, min = -0.3V, 20uA max at T,=0 to 40°C, This characteristics is guaranteed only for L-version. 
*2. Viz min = -0.3V, 104A max at Tg = 0 to 40 C, This characteristics is guarnteed only for LL-version. 
*3. tRC = Read Cycle Time 


© LOW Vcc DATA RETENTION WAVEFORM (1) (CSi Controlled) 
Data Retention Mode 











CS12V ec - 0.2V 


OV---------------- | ee ee ere re ee eee ee ee eee 


© LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 


____ Data Retention Mode 





Vee 


0.4V-.---- — 


Note) In Data Retention Mode, CS2 controls the Address, WE, CSI, OE and Din buffer. If CS2 controls data retention 
mode, Vin for these inputs can be in the high impedance state. If CS1 controls the data retention mode, CS2 must 
satisfy either CS2 >Vcc—0.2V or CS2 < 0.2V. The other input levels (address, WE, OE, I/O) can be in the high 
impedance state. 
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Neormanzes 


sup hy Current freien: 


Supply Current Acidees Normative 


Normatized 


Access Time ta. ten 


HM6264A Series 


SUPPLY CURRENT VS. SUPPLY CURRENT VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Normatizet 


Supply Current foc deez 





Ambient Temperature Tu C 


Supply Vedraae Lee \ 
SUPPLY CURRENT VS. ACCESS TIME VS. 
FREQUENCY LOAD CAPACITANCE 





120m, 100ns 


Normalized 


Access Time taaton 





u 1 t x lo 
Frequency { MH, Load Capacitance (1 ' pF) 
ACCESS TIME VS. ACCESS TIME VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


Access Time taatca ‘Normalized: 





Ambient Temperature Tu ('C ) 


Supply Voltage ee V- 
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HM6264A Series 


INPUT LOW VOLTAGE VS. INPUT HIGH VOLTAGE VS. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Normalized 


Input Low Voltage Vicwsx (Normalized) 


Input High Voltage Vive 





Supply Voltage Veo V' Stn 
OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


Output Current for Normalized 


Quiput Curren’ low (Normalized! 





Output Voltage Van V 


Output Voltage Vow (V) 


STANDBY CURRENT VS. STANDBY CURRENT VS. 
AMBIENT TEMPERATURE SUPPLY VOLTAGE 


1.0 


0.5 


Standby Current Iccor./sa,/sa2 (Normalized) 
Standby Current decor ism dsa2 ' Normalized 





G 20 40 60 a0 


Ambient Temperature Tu (C} © HITACHI 
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Supply Voltage Veo OV 


HMG288 Series 


16384-word X 4-bit High Speed CMOS Static RAM 


The Hitachi HM6288 is a high speed 64k static 
RAM organized as 16-kword x 4-bit. It realizes 
high speed access time (25/35/45 ns) and low 
power consumption, employing CMOS process 
technology. 

It is most advantageous for the field where high 
speed and high density memory is required, such 
as the cache memory for main frame or 32-bit 
MPU. 

The HM6288, packaged in a 300 mil plastic DIP 
and SOJ, is available for high density mounting. 
Low power version retains the data with battery 
back up. 


MIFEATURES 


@ Single 5V Supply and High Density Plastic Package. 
@ High Speed: Fast Access Time 25/35/45 ns (max.) 
@ Low Power dissipation 
Active made 300mW (typ.) 
Standby mode 100uW (typ.) 
@ Completely Static Memory 
No Clock or Timing Strobe Required. 
@ Equal Access and Cycle Times. 
® Directly TTL Compatible — All Inputs and Outputs. 


a ORDERING INFORMATION 


Access Time 
































HM6288P-25 300 mil 
HM6288P-35 22-pin 
Plastic DIP 
HM6288 LP-25 
HM6288LP-35 (DP-22NB) 
HM6288JP-25 . 
HM6288JP-35 300 mil 
24-pin 
HM6288LJP-25 SOJ (CP-24D) 
HM6288LJP-35 
MBLOCK DIAGRAM 


Memory 





Array 






Row 
Decoder 








128 Rows 


512 Columns 


10:0 


Input 
Data 
Control 


IlQ2 0 
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(DP-22NB) 





(CP-24D) 
MIPIN ARRANGEMENT 





@ HM6288P Series 


Address 
Input/Output 
Chip Select 
Write Enable 


Power Supply 
Ground 


HM6288 Series 


ABSOLUTE MAXIMUM RATINGS 





Symbol 
—05" to +7.0 
=10 to +85 


Note: *1. Vr min.=~—2.0V for pulse widthS10ns 


Item Rating 


















Voltage on Any Pin Relative to Vss 






Power Dissipation 
Operating Temperature 


Storage Temperature 





Temperature under Bias 





MITRUTH TABLE 


a 









Parameter 






Supply Voltage 






Input High (logic 1) Voltage 





Input Low (logic 0) Voltage 


Note: #1. Viz min.=—2.0V for pulse widths 10ns 


MIDC AND OPERATING CHARACTERISTICS ( 7a=0 to +70°C, Vec=5V+10%, Vss =0V) 


Input Leakage Current | In| 
Output Leakage Current | Io | 
Operating Power Supply Current I 


in 
oe 


Standby Vcc Current 





Ispi*?_ | CS2Vec—0.2V 


Standby Vcc Current 1 
Isai*3 | OVS Vin S0.2V or Vec —0.2VS Vin 





Output High Voltage Tou = —4.0mMA Vv 


Notes: #1. Typical limits are at Vcc=5.0V, Ta= +25°C and specified loading. 
*2. P version 
*3. LP version 


HECAPACITANCE ( 72=25°C, f=1.0MHz) 

Symbol 
Cin 
C1/o 


Note: This parameter is sampled and not 100% tested 










Parameter 









Vin =0V 
V:/0=0V 


Input Capacitance 





Input/Output Capacitance 
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HM6288 Series 


BAC CHARACTERISTICS 

@ AC Test Conditions 
Input pulse levels: OV to 3.0V Input and Output timing reference levels: 1.5V 
Input rise and fall times: 5ns Output load: See Figure 


5V 
5V 
1900 480Q 
Dout Dout 

255 ‘ 

255Q 30pF* SpF 

Output Load (A) 
Output Load (B) 
aIncluding scope & jig. (for tyz, thz, twz & tow) 


™ READ CYCLE 





Read Cycle Time Tee | 25 | - [35 | - | 
Address Access Time taA | —- | 2 | = {| 38 | ns 
Chip Select Access Time tacs | - | 25 | - | 35 | ns 
Output Hold from Address Change ton 3 oe, 4 Se Pe ns 
Chip Selection to Output in Low Z | tze{ 5 | - {| 5 [ - | ns 
Chip Deselection to Output in High Z | tyze| 0 [| 12 | 0 | 20 | a8 
Chip Selection to Power Up Time | tpey | O | - [ 0 [ - | ns 
Chip Seselection to Power Down Time | tpep | - | 25 [| - | 30 | as 


* Transition is measured + 200mV from steady state voltage with Load(B). 
This parameter is sampled and not 100%o tested. 


® Timing Waveform of Read Cycle No.1 {1} [2] 


tre 


Address 


Provious 
Data Valid 


Dout 


cs 
= ‘i MX XD) Lis 
Vec supply 





current 


Notes: 1. WEis High for Read Cycle. me 
2. Device is continuously selected, CS= Viz Ban 
3. Address Valid prior to or coincident with CS transition Low. 
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HM6288 Series 


mw WRITE CYCLE 


eens Symbol Ee 
Write Cycle Time | two | 25 | - | 
Reel 


Chip Selection to End of Write 


| min | 
Address Valid to End of Write | 20 | - | 30 | 
Address Setup Time tas {| 9 | - | Of - | 
Wt Pulse With rs 
Write Recovery Time twe | Of - | 0 [| - | 
Date Valid to End of Write | tpw | 12 [ - { 20 | - | 
Data Hold Time er a a 
Write Enabled to Output in High Z twz* | of 8 {| Oo f{ 10 | 
Output Active from End of Write | towe| 5 | - | 5 | - | 


* Transition is measured + 200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100%. tested. 


® Timing Waveform of Write Cycle No.1 (WE Controlled) 


twe 





Address 












XN ALLLAL L/L / 





ie feaene 
° WA ey 


oe=bke 


tow *5 







Bt. Lee Le ee LTT 


High Impedance 


ton *6 


f= NN NNZ ZS 


Xo Ne Se AN 7 No Z7JNX 
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HM6288 Series 


® Timing Waveform of Write Cycle No.2 (cS Controlled) 





twe 











= MONS ALA IAT ITT. 


ED COOCCHCCCON) GIES OOCOON 


Dout High Impedance * 4 





Notes) 1. A write occurs during the overlap of a low CS and a low WE. (twp) 

2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the 
outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE 
transition, the output buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state after tow. Then the data input signals 
of opposite phase to the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle, if twr is long enough. 


@ Low Vcc Data Retention Characteristics (Ta=0 to + 70°C) 
(This Characteristics is guaranteed only for L-version. ) 


















































Parameter Symbol|} Min Unit H Test Conditions 
‘ CS2 = 
Vcc for data retention Vor 2.0 v | S2 Vec—0.2V 
4 Vina2 Vec —0.2V or 
Data retention current Iccpr a HA | OVS Vin S0.2V 
Chip deselect to data ae 0 ns 
retention time ; 
See retention waveform 
Operation recovery time tr tre? ns 
sie 
NOTE: 1. trc=Read cycle time 
2. Vec=3.0V 
3. Veco =2.0V 


Low Vcc Data Retention Waveform 


Data Retention Mode 


CS2 Voc —0.2V 
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HM6288 Serles 


Access Time taa, tacs (Normalized) 


(Normalized) 


Access Time taa,tacs 


108 


SUPPLY CURRENT VS. SUPPLY VOLTAGE 


Supply Current Icc (Normalized) 


4.5 4.75 5.0 5.25 5.5 


Supply Voltage Vcc (V) 


ACCESS TIME VS. SUPPLY VOLTAGE 





Supply Voltage Vcc (V) 


ACCESS TIME VS. AMBIENT TEMPERATURE 





Ambient Temperature Ta (°C) 





SUPPLY CURRENT VS. AMBIENT TEMPERATURE 


Access Time taa, tacs (Normalized) 


Supply Current Icc (Normalized) 





Ambient Temperature Ta (°C) 


ACCESS TIME VS. LOAD CAPACITANCE 





Load Capacitance C.(pF) 


SUPPLY CURRENT VS. FREQUENCY 


100 50 33 25 


20 T (ns) 





a 1.0 
g 
4 
E 0.9 
ic} 
S 
v 
= 08 
5 
E 
= 
o 0.7 
= 
& 
A 
0.6 
a0 i920. 30 40. 50 
Frequency f (MHz) 
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HM6288 Series 


LOW LEVEL INPUT VOLTAGE VS. HIGH LEVEL INPUT VOLTAGE VS. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Low Level Input Voltage Vit(Normalized) 
High Level Input Voltage Vin(Normalized) 





Sipply Voltage Veo(V) Supply Voltage Vcc (V) 


OUTPUT CURRENT VS. OUTPUT VOLTAGE(1) OUTPUT CURRENT VS. OUTPUT VOLTAGE(2) 








High Level Output Current JIou(Normalized) 
Low Level Output Current lo. (Normalized) 





High Level Output Voltage Vou (V) Low Level Output Voltage Vor (V) 


STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE 


Standby Current Iccor (Normalized) 
Standby Current Isai (Normalized) 





Ambient Temperature Ta (°C) Supply Voltage Vcc (V) 
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HM6288 Series 


STANDBY CURRENT VS. INPUT VOLTAGE 


Tam25 
Voo =5.0V 


Standby Current issi {Normalized 





0 1 2 3 4 5 6 
Input Voltage Vin (V) 
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HMG788 Series — — Maintenance Only 


16384-word x 4-bit High Speed Hi-BiCMOS Static RAM 


MFEATURES 
@ Super Fast Access Time : 25/30ns (max.) 
@ Low power Operation 
Operating: 230mW (typ), Standby: 10mW (typ) 
e +5V Single Supply 
@ Completely Static Memory — 
No Clock or Timing Strobe required 
® Balanced Read and Write Cycle Time 
@ Fully TTL compatible Input and Output 


























m@ ORDERING INFORMATION (DP-22NB) 
Type No. Access Time Package 
HM6788P-25 300 mil 22 pin PIN ARRANGEMENT 
Plastic DIP 





HM6788P-30 





IBLOCK DIAGRAM 


Row Memory Matrix 
Decoder 128X512 





(Top View) 


Control 





MABSOLUTE MAXIMUM RATINGS 

















Terminal Voltage to Vss pin 






Power Dissipation 








Operating Temperature 






Storage Temperature (with bias) 






Storage Temperature 
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HM6788 Series 








METRUTH TABLE 


a 


MIRECOMMENDED DC OPERATING CONDITIONS (0°C = Ta= 70°C) 





Ref. Cycle 













Read Cycle (1) (2) 
Write Cycle (1) (2) 













xX: HorL 


Supply Voltage 






Input High Voltage 
Input Low Voltage 





Note) * 1. —3.0V with 20ns pulse width. 


WIDC AND OPERATING CHARACTERISTICS ( Vec=5V + 10%, Ta=0°C to +70°C) 


Input Leakage Current Vec=5.5V, Vin=Vss to Vec pA 


Unit 


[in [op [max | 
: ie (ea ie a 
pie [=v CTC CT Cd oma 


BAC CHARACTERISTICS (Voc = 5V 410%, 7, = 0 to +70°C, unless otherwise noted) 
@ AC Test Conditions 


Input pulse levels: Vsg to 3.0V Input and Output reference levels: 1.5V 
Input rise and fall time: 4ns Output Load: See Figure 
+5V 
+5V 
480Q 
Dout 
4802 
Dout e 
‘sea SpF 
ees 300F* 


# Including scope and jig. 


Output Load B 
Output Load A ((CHZ, tWHZ, 'CLZ, tOW) 
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@READ CYCLE 


HM6788 Series 











HM6788-25 


Unit 








Item 
min 


Read Cycle Time 25 

















Address Access Time =. 





























Chip Select Access Time ; = 

















Chip Selection to Output in Low Z 














Chip Deselection to Output in High Z 















Output Hold from Address Change 








Chip Selection to Power Up Time*?! 


















Chip Deselection to Power Down Time"? 








Input Voltage Rise/Fall Time*? 





HM6788-30 
i max 

















Notes) * 1. This parameter is sampled and not 100% tested. 


* 2. Transition is measured +200mV form steady state voltage with Load (B). This parameter is sampled and not 100%, tested 


* 3. [f tr becomes more than 150ns, there is possibility of function fail. 
please contact your nearest Hitachi Sales Dept. regarding specification. 


@ Timing waveform of Read Cycle No. 1 ee 


Address 


Dout 


High Impedance 
Note) *1. WE = V7q 








High Impedance 


















































*2,CS= Vy, 

*3. Address valid prior to or coincident with CS transition Low. 
@ WRITE CYCLE 

— Sy HM6788-25 HM6788-30 inte 

Write Cycle Time ns 
Chip Selection to End of Write ns 
Address Setup Time ns 
Address Valid to End of Write ns 
Write Pulse Width ns 
Write Recovery Time ns 
Write to Output in High Z ns 
Data Valid to End of Write ns 
Data Hold Time ng 
Output Active from End of Write ns 





*1. Transition is measured +200mV from steady state voltage with Lood(B). 
This parameter is sampled and not 100% tested. 
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HM6788 Series 


© Timing waveform of Write Cycle No. 1 (WE Controlled) 


Address 


Dout 


High Impedance 





© Timing waveform of Write Cycle No. 2 (CS Controlled) 


two 


| _———————_——_ 
a Se 
RR UAS ee 0 


twuz 


High Impedance High Impedance 
ag gh Impedance 7+ \ 


ae, es S 


oa 
= OK mss vane XXX XK 


Notes) *1. A write occurs during the overlap (twp) of a low CS and a low WE. 

*2. During this period, 1/O pins are in the output state so that the input signals of 
opposite phase to the outputs must not be applied. 

*3. Dout is the same phase of write data of this write cycle. 

*4. If the CS low transition occurs after the WE low transition, output remain ina 
high impedance state. 

“5. If CS is low during this period, I/O pins are in the output state. Then, the data 
input signals of opposite phase to the outputs must not be applied to them. 

“6, twR is measured from the earlier of CS or WE going high to the end of write cycle, 

MECAPACITANCE ( 72=25'C, f=1.0MHz) 


al 







Item 


























Input Capacitance 
































Input/Output Capacitance 
Note) This parameter is sampled and not 100% tested. 


Vout =0V 
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HMG788H Series 
16384-word x 4-bit High Speed Hi-BiCMOS Static RAM 


Features 
@ Super Fast Access Time: 15/20ns (max.) 
@ Low power Operation 
Operating: 280mW (typ) 
@ +5V Single Supply 
@ Completely Static Memory — 
No Clock or Timing Strobe required 
@ Equal Access and Cycle Times 
@ Fully TTL compatible Input and Output (DP-22NB) 





/ 


Ordering Information : 
Pin Arrangement 


Type No. Access Time Package 
HM6788HP-15 15ns 300 mil 22 pin 
HM6788HP-20 20ns Plastic DIP 
Block Diagram 


Memory Matrix 


128x512 


(Top View) 





Absolute Maximum Ratings 


Item Symbol Rating Unit 
Terminal Voltage to Vss pin Vr —0.5to +7.0 V 
Power Dissipation Pr 1.0 'W 
Operating Temperature Topr Oto +70 a 
Storage Temperature (with bias) Tute(bias) —10to +85 °C 
Storage Temperature Tuts —55to +125 °C 


Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi’s Sales Dept. regarding specifications. 
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HM6788H Series 


Truth Table 
és WE Mode Vec Current 1/O Pin Ref. Cycle 
x Not selected Isa, Ise High Z - 
Read Ice, Icca Data Out Read Cycle (1), (2) 
L Write Ice, Iccr Data In Write Cycle (1), (2) 
xX: Hork 


Recommended DC Operating Conditions (0°C s Tas 70°C) 


Item Symbol min typ max Unit 
Vee 4.5 5.0 5.5 Vv 
Supply Voltage ae i ji 5 7 
Input High Voltage Vin 2.2 - 6.0 V 
Input Low Voltage Vit —0.5*! - 0.8 Vv 


Note) *1. ~3.0V with 10ns pulse width. 


DC and Operating Characteristics ( Vec=5V + 10%, Ta=0°C to +70°C) 























Item Symbol Test Conditions min typ max Unit 
Input Leakage Current | fer | Vec=5.5V, Vin=Vss to Vec = - 2 uA 
Output Leakage Current [Izol CS= Vin, Vi/o= Vss to Vec - - 10 uA 
Opearating Power Supply Current = Icc CS= Vin, [1 /o=0mMA - - 100 mA 
Average Operating Current Iec1 Min. Cycle, Duty: 100% J1/0 =OmA - = 120 mA 
Standby Power Supply Current = . = = 7 = = 
Tsar CS2 Vec—0.2V, Viv0.2V or Vive Vec—0.2V - as 10 mA 
Output Low Voltage Vou lo. =8mA - = 0.4 V 
Output High Voltage Vow Tlon=—4mA 2.4 - - Vv 





AC Characteristics (Voc = 5V +10%, 7, = 0 to +70°C, unless otherwise noted) 


@ AC Test Conditions 
Input pulse levels: Vsg to 3.0V Input and Output reference levels: 1.5V 


Input rise and fall time: 4ns Output Load: See Figure 


© Including scope and jig. 


Output Load B 
Output Load A (tHz, tLZ, twz, tow) 
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HM6788H Series 


Read Cycle 
Item Symbol Ea eee aaa Unit Note 
min max min max 
Read Cycle Time tre 15 — 20 - ns 
Address Access Time taAa - 15 - 20 ns 
Chip Select Access Time tacs - 15 - 20 ns 
Chip Selection to Output in Low Z trz 3 - 3 - ns 1,2 
Chip Deselection to Output in High Z tyz 0 6 0 8 ns 1,2 
Output Hold from Address Change ton 3 - 3 ~_ ns 


Note) *1. This parameter is sampled and not 100% tested. 
*2, Transition is measured +200mV from steady state voltage with specified loading in Load B. 


e@ Timing waveform of Read Cycle No. 1*!*? 





Address 





Note) *1. WE = Vi 


*2. CS=Vyz 
*3, Address valid prior to or coincident with CS transition Low. 
Write Cycle 
Item Symbol a Ea eee : ee Unit Note 
min max min max 

Write Cycle Time two 18 - 20 - ns 2 
Chip Selection to End of Write tow 10 = 15 - ns 
Address Setup Time tas 0 - 0 - ns 
Address Valid to End of Write taw 10 - 15 - ns 
Write Pulse Width twp 10 - 15 - ns 
Write Recovery Time twrR | - - ns 
Write Enable to Output in High Z twz 0 6 0 8 ns 3,4 
Data Valid to End of Write tow 9 - 10 = ns 
Data Hold Time ton 0 - - ns 
Output Active from End of Write tow 0 - -_ ns 3,4 





Note) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6788H Series 


© Timing waveform of Write Cycle No. 1 (WE Controlled) 


os TW TNT 


ay ——— 


; twp *1 ——__» + en 

AK foe) 

High Impedance bed k i ) High Impedance 
AY Data Valid eS CV) ton*s 


ow*s 


eee CECE Se aS 


tas 





@ Timing waveform of Write Cycle No. 2 (CS Controlled) 


Address 


pete tn XXX 2 YOO 


High Impedance *4 


Data Out 





Note)*1.A write occurs during the overlap of a low CS and a low WE. (twp) 
"2.twr is measured from the earlier of CS or WE going high to the end of write cycle. 


*3. During this period, I/O pins are in the output state so that the input signals of opposite 
phase to the outputs must not be applied. 


"4. If the CS low transition occurs simultaneously with the WE low transition or after the 
WE transition, the output buffers remain in a high impedance state. 


*5.1f CS is low during this period, I/O pins are in the output state. Then the data input 
signals of opposite phase to the outputs must not be applied to them. 


*6. Data Out is the same phase of write data of this write cycle. 


Capacitance ( Ta=25°C, f=1.0MHz) 


Item Symbol min typ max Conditions 
Input Capacitance Cin - = 6.0 Vin=0V 
Input/Output Capacitance C1/o - - 10 Vio =0V 


Note) This parameter is sampled and not 100% tested. 
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HM6788HA Series_— Preliminary 


16384-Word x 4-Bit High Speed Static RAM 
@ FEATURES 


e Super Fast 

Access Time. ....... 2.2.00. c eee eee eee 12/15/20ns (max.) 
e +5V Single Supply 
© Low Power Dissipation 

(DC) Operating .......... 0... cee eee ee 300mW (typ.) 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
e Fully TTL Compatible—All Inputs and Outputs 


@ ORDERING INFORMATION 


Access Time 


12ns 
15ns 
20ns 


Package 


300 mil 22 pin 
Plastic DIP 
(DP-22NB) 














HM6788HAP- 12 
HM6788HAP-15 
HM6788HAP-20 





@ BLOCK DIAGRAM 







Memory Matrix 
128 X 512 


(Top View) 


Column I/O 
Column Decoder 
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HM6788HA Series 
@ ABSOLUTE MAXIMUM RATINGS 


lem Symbol Uni 
Voltage on Any Pin Relative to Vss -0.5 to +7.0 Vv 
Power Dissipation eae ema CSE CR SS 
Operating Temperature °c 
Storage Temperature -55 to +125 °C 
Temperature Under Bias -10 to +85 ae 
@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 
Item Symbol_| Min. | Typ. [| Max. [Unit 
Vv 4.5 5.0 J.3 Vv 
Supply Voltage | Voc | 45 [5.0 | 55 
| Vss [| 0.0 | 00 | 00 | V 
Input High (Logic 1) Volage ve ee el 
eee Tv | 30 [ — | os [|v 


*Pulse width < 10ns, DC: -0.5V 


@ TRUTH TABLE 





Vec Current 
(a: nc I nl ae 
Write Cyele (1), @) 
@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, Vgg = OV) 
lem [Symboi[ Test Condition | Min. | Typ. | Max. | Un 
Input Leakage Current | Iiul_| Voc = 5.5V, Vin =VsstoVec | — | — | 2 | oA 
Output Leakage Current | Whol [CS = Vin, Vio = VsstoVec | — | — | 10 | 4A 
Operating Power Supply Current | Ioe [CS = Vu. lyo.= Oma | — | — | 100 | ma 
Average Operating Current Min. Cycle Duty: 100% Io = OmA — | — | 120 | mA 
Standby Power Supply Current | Isp [CS=Vin SSC] | 30 mA 
Standby Power Supply Current (1) | ts | me = oy ae > Voc -0.2V p=] - | 2 mA 
Ouiput Low Voltage Nor Mese@mne se et omey 
Output High Voltage [Vou [low=-4mA———SSS—~—~— A PT — LV 
@ AC TEST CONDITIONS 
® Input Pulse Levels: Vgs to 3.0V © Input Rise and Fall Times: 4ns 
¢ Input Timing Reference Levels: 1.5V _ © Output Reference Levels: 1.5V 


© Output Load: See Figure 


+5 V +5 V 


4802 Dout 4800 
30 pF * 2550 5 pF * 


Output Load B 
Output Load A (for tz. tLz, twz, & tow) 


*Including scope and jig capacitance. 
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HM6788HA Series 


@ CAPACITANCE (T,, = 25°C, f = 1.0MHz) 


Input Capacitance 
Input/Output Capacitance 
NOTE: This parameter is sampled and not 100% tested. 





@ AC CHARACTERISTICS (Vcc = S5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 


e Read Cycle 
HM6788HA-12 | HM6788HA-15 | HM6788HA-20 . 
1 Unit | Notes 


Item Symbo 


| Min. [ Max. | Min, | 
Read Cycle Time 7 ee ee 
ne ae 


Address Access Time 
Chip Select Access Time 


Output Hold from Address Change 


st 
ie) 
x 


Lee 
Chip Selection to Output in Low Z 15 | — | 5 | 1,2 
Chip Deselection to Output in High Z tuz fo [| 6 | 0 | 1,2 


NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 





e Write Cycle 


Item Symbol 


oo 
a5) 
ce 
8 
jen 
=< 
a 
3 
e) 
oo 
eo 
a 

" 1h 
an 
< 
n 
<3 
e) 
oo 
oq 
> 
NS) 
} 

€ 
. 
Zz 
2 
4 


Write Cycle Time twc 
Chip Selection to End of Write 
Address Valid to End of Write taw 
Address Setup Time 


fee 
[ee | 
eae 
ee al 
Write Pulse Width | twe | 8 | — | 
Write Recovery Time | twr | o | — | 
Data Valid to End of Write | tpw | 6 | — | 
Data Hold Time | toy [| o | — | 
Write Enable to Output in High Z twz | o | 6 | 
Output Active from End of Write | tw | 3 | — | 
NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6788HA Series 


@ TIMING WAVEFORM 
¢ Read Cycle (1) (1) @) 









trac 
Address 
Data Out _—~Previous Data Valid beisseain Data Valid 








e Read Cycle (2) (1) (8) 





CS 
Data Out CXXKKX > Data Valid 
High Impedence : 
High 
impedence 


NOTES: 1. WE is High for READ cycle. 
2. Device is continuously selected, CS = Vit 
3. Address valid prior to or coincident with CS transition low. 
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HM6788HA Series 


° Write Cycle (1) (WE Controlled) 
twe 


e WX YLEZIZZIZ 


twr(2) 


we Sy 


High Impedance BP ee jam High Impedance 


Address 






Data In Data Valid 
ton (6) 
LL ALL fd tA LT T. XD é< 
Data Out EES, L\L\ 


¢ Write Cycle (2) (CS Controlled) 


Address 




















cS 

we ALLL 
Datain XXXXXXXXXXXAXAAAAAY KKK 
Seon High Impedance (4) 


NOTES: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
twr is measured from the earlier of CS or WE going high to the end of write cycle. 


won 


. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 

buffers remain in a high impedance state. 


wm 


. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the 
outputs must not be applied to them. 


6. Dout is the same phase of write data of this write cycle. 
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HM6289 Series 


16384-Word x 4-Bit High Speed CMOS Static RAM (with OE) 


The Hitachi HM62839 is a high speed 64k static RAM organized 
as 16-kword x 4-bit. It realizes high speed access time (25/35/45 ns) Pin Arrangement 
and low power consumption, employing CMOS process technology. 

It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. 

The HM6289, packaged in a 300-mil SOU, is available for high 
density mounting. Low power version retains the data with battery 
back up. 





Features 

* High speed 
Access time: 25/35 ns (max) 

¢ High density 24-pin SOJ package 

¢ Low power 
Active mode: 300 mW (typ) (Top View) 
Standby mode: 100 pW (typ) 


* Single 5 V supply 
* Completely static memory 
No clock or timing strobe required 


* Equal access and cycle times Pin Description 
* Directly TTL compatible: All inputs and outputs Pin Name Function 
* AO-A13 Address 
Ordering Information Vo1-04 Input/output 
Type No. Access Time Package CS Chip select 
HM6289JP-25 25 ns 300-mil OE Output enable 
HM6289JP-35 35 ns 24-pin WE Write enable 
HM6289LJP-25 25 ns SOJ Vec Power supply 
HM6289LJP-35 35 ns (CP-24D) Vss Ground 


Block Diagram 


Memory Matrix 
128X512 


Column 1/0 


e 
Al2 Al3 AS Al0 AO Al, 
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HM6289 Series 


Function Table 


CS OE WE Mode Vcc Current Y/O pin Ref. Cycle 
H x x Not selected Isp, Ispi High-Z — 
L L H Read Icc Dout Read cycle (1)<3) 
L H L Write Icc Din Write cycle (1)-(2) 
L L L Write Icc Din Write cycle (3)-(6) 


Note: x; HorL 


Absolute Maximum Ratings 


Item Symbol Value Unit 
Voltage on any pin relative to Vss Vin —0.5"! to +7.0 Vv 
Power dissipation Pr 1.0 Ww 
Operating temperature range Tope 0 to +70 °C 
Storage temperature range Tistg —-55 to +125 °C 
Storage temperature range under bias Toisas —10 to +85 2C 


Note: *1. Vin min =-2.0 V for pulse width < 10 ns. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 





Item Symbol Min Typ Max Unit 
Supply voltage Vcc 4.5 5.0 5.5 Vv 
Vss 0 0 0 Vv 
Input high (logic 1) voltage Vm 2.2 —_— 6.0 V 
Input low (logic 0) voltage Vu -0.5"! — 0.8 Vv 


Note: *1. ViL min =-2.0 V for pulse width < 10 ns. 


DC Characteristics (Ta = 0 to +70°C, Vcc = 5 V+ 10%, Vss = 0 V) 


Item Symbol Min Typ’! Max — Unit Test Conditions 
Input leakage current Kul — — 2.0 pA Voc = Max 
Vin = OV to Vcc 
Output leakage current IILo! — — 2.0 HA CS = Vn 
Vyo = 0 V to Vcc 
Operating Vcc current Icc — 60 120 mA CS = Vu, Ivo = 0 mA, | 
Min. cycle 
Standby Vcc current Isp — 15 30 mA CS = Vn, Min. cycle 
Standby Vcc current (1) Issi*2 — 0.02 2.0 mA CS 2 Vcc — 0.2 V 
Ispi"? — 0.02 0.1 mA OV < Vin < 0.2 V or 
Vec - 0.2 V < Vin 
Output low voltage VoL — — 0.4 V Tor = 8 mA 
Output high voltage Vou 2.4 —_— — V Ton = 4.0mA 


Notes: *1. Typical limits are at Vcc= 5.0 V, Ta = +25°C and specified loading. 
*2. P-version 
*3. LP-version 


Capacitance (Ta = 25°C, f = 1MHz) 


Item Symbol Min Typ Max Unit Test Conditions 
Input capacitance Cin — —_ 6 pF Vin=0V 
Input/output capacitance Cyo —_ — 8 pF VI/O=0V 


Note: This parameter is sampled and not 100% tested. 
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HM6289 Series 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%; unless otherwise noted.) 
Test Conditions 


Input pulse levels: Vss to 3.0 V 
Input rise and fall times: 5ns 

Input and output timing reference levels: 1.5 V 
Output load: See figures 


Output Load (A) Output Load (B) 
(for tCHZ, tCLZ, tOHZ, tOLZ, 1WHZ & tow) 
+5V +5V 


4800, 4800 


* 
30pF 5pF * 





Note: * Including scope & jig. 





Read Cycle 
HM6289-25 HM6289-35 : 
ae Syobol “yin Max Min Max au 
Read cycle time tRC 25 — 30 — ns 
Address access time tAA _ 25 aa 35 ns 
Chip select access time tacs — 25 — 35 ns 
Chip selection to output in low-Z tcz"! a — 5 — ns 
Output enable to output valid tOE —_— 12 — 15 ns 
Output enable to output in low-Z to.z"! 0 — 0 — ns 
Chip deselection to output in high-Z __tcnz"! 0 12 0 20 ns 
Chis disable to output in high-Z touz"! 0 10 0 10 ns 
Output hold from address change toH 3 — 5 — ns 
Chip selection to power up time tPu 0 — 0 — ns 
Chip deselection to power down time trp — 25 — 30 ns 
Note: *1. Output transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% 
tested. 
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HM6289 Series 


Read Timing Waveform (1) * 








Notes: *1. WE is high for read cycle. ee 
*2. Device is continuously selected, CS = VIL. 
*3. Address valid prior to or coincident with CS transition low. 





*4. OE = Vi. 
Write Cycle 
HM6289-25 HM6289-35 : 
Item Symbol —“Win Max. Min. Max Unit 

Write cycle time twe 25 — 35 — ns 
Chip selection to end of write tcw 20 — 30 — ns 
Address valid to end of write taw 20 —_ 30 — ns 
Address setup time tas 0 — 0 — ns 
Write pulse width twp 20 _ 30 —_ ns 
Write recovery time twR 0 — 0 — ns 
Output disable to output in high-Z"! —_tonz 0 10 0 10 ns 
Write to output in high-Z"! tWHZ 0 8 0 10 ns 
Data to write time overlap tow 12 — 20 — ns 
Data hold from write time DH 0 — 0 — ns 
Output active from end of write"! tow i] — 5 — ns 


Note: *1. Output transition is measured + 200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% 
tested. 
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HM6289 Series 


Write Timing Waveform (1) (OE = High, WE = Controlled) 


————————T 
Ne 771777 
: =o 


0000000) GEER 100,00 


igh Impedan 









Dout 









Write Timing Waveform (2) (OE = High, CS = Controlled) 


me AAA ORL LLL 


~ SXXXX KKK = KKK 


High Impedance 
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HM6289 Series 


Write Timing Waveform (3) (OE = Clocked, WE = Controlled) 





tow tow 


OOK ot KX) 








Address 


//V/ # A VAAN 
at] 
_ ae on 


WO 7777 


XK KX) 
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HM6289 Series 


Write Timing Waveform (5) (OE = Low, WE = Controlled) 






twe 


FT 
* SM V7 
WE X\\ 

















ow ton 











Ss 


twuz 
[st \| High impedance 


== KK 


Notes: *1 A write occurs during the overlap of a low CS and a low WE. (twp) 

*2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

*3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

*4, If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance state. 

*5. If CS is low during this period, I/O pins are in the output state after tow. Then the data input signals of opposite phase to the 
outputs must not be applied to them. 

*6. Dout is the same phase of write data of this write cycle, if twR is long enough. 

*7. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in high 
impedance state. 


Dout 











ton 
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Low Vcc Data Retention Characteristics (Ta = 0 to +70°C) 
This characteristics is guaranteed only for L-version. 


HM6289 Series 


Test Conditions 




















CS 2 Vcc — 0.2 V, . 
Vin 2 Vcc — 0.2 V or 
OV<s Vin< 0.2 V 





See retention waveform 





Item Symbol Min Typ Max _— Unit 
Vcc for data retention Vpr 2 — — Vv cs 
Data retention current Iccor — — 50 =A 
35°3 
Chip deselect to data retention time tcpR 0 — — ns 
Operation recovery time IR tre"! — — ns 
Note: *1. tRc= Read cycle time 
*2. Vcc =3.0V 
*3. Vec=2.0V 


Low Vcc Data Retention Waveform 














Data Retention Mode 


CS2 Vec—0.2V 
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HM6289 Series 


Supply Current vs. Supply Voltage 


Supply Current Icc (Nomnalized) 





5.0 
Supply Voltage Vcc (V) 


Access Time vs. Supply Voltage 


Access Time tad, tacs (Normalized) 





Supply Voltage Vcc (V) 


Access Time vs. Ambient Temperature 


Access Time tA. tacs (Normalized) 





Ambient Temperature Ta (°C) 


132 


Access Time _tAA,. tacs (Normalized) 





Supply Current vs. Ambient Temperature 


Supply Current Icc (Normalized) 





Ambient Temperature Ta (°C) 


Access Time vs. Load Capacitance 





Load Capacitance CL (pF) 


Supply Current vs. Frequency 


4 100 50 33 25 20 T (ns) 
3 10 
=a 
Ss 
E os 
S 
Sos 
EG 
és) 
= 
& 0.6 
” 
0.55 10 20. 30 40 50 
Frequency _f (MHz) 
@ HITACHI 


Hitachi America, Ltd. © Hitachi Plaza © 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 


Low Level Input Voltage Vi (Normalized) 


Tou (Normalized) 


High Level Output Current 


Standby Current Iccpr (Normalized) 


HIM6289 Series 


Low Level Input Voltage vs. Supply Voltage High Level Input Voltage vs. Supply Voltage 











High Level Input Voltage Vin (Normalized) 





7 
4.5 4.75 5.0 5.25 5.5 
Supply Voltage Vcc (V) Supply Voltage Vcc (V) 


Output Current vs. Output Voltage (1) Output Current vs. Output Voltage (2) 





Low Level Output Current oi (Normalized) 





High Level Output Voltage Vox (V) Low Level Output Voltage Vot (V) 


Standby Current vs. Ambient Temperature Standby Current vs. Supply Voltage 





Standby Current Ispi (Normalized) 





Ambient Temperature Ta (°C) Supply Voltage Vcc (V) 
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HN6289 Series 


Standby Current vs. Input Voltage 


Ispr (Nomnalized) 


Standby Current 





Input Voltage Vin (WV) 
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HMG 789 Series— Maintenance Only 


16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE) 


Features HM6789P Series 
@ Super Fast Access Time:............... 25/30 ns (max) 
@ Low Power Dissipation (DC) Operating. .... 230 mW (typ.) 


@ +5V Single Supply 
@ Completely Static Memory 

No Clock or Timing Strobe Required 
Balanced Read and Write Cycle Time 
Fully TTL Compatible Input and Output 


Ordering Information 


Type No. Access Time Package (DP-24NC) 
HM6789P-25 25ns 300 mil 24 pin 
HM6789P-30 30ns plastic DIP HM6789JP Series 
HM6789JP-25 25ns 300 mil 24 pin 
HM6789JP-30 30ns Plastic SOJ 
Block Diagram 





& 


(CP-24D) 


Row Memory Matrix 
Decoder 128x512 





Pin Arrangement 
Column 1/0 


Input Column Decoder 
Data 


Control B | 
YX m YN 





Absolute Maximum Ratings 





Item Symbol Rating Unit 
Terminal Voltage to V gs Pin Vr -0.5t0+7.0 V 
i a ae Ose nee 
Operating Temperature Range Topr Oto +70 °C 


Storage Temperature Range under bias Tsrg(bias) -10 to +85 °C 
Storage Temperature Range Tstg -S5S to+125 °C 
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HM6789 Series 


Recommended DC Operating Conditions (7, = 0 to +70°C) 


Item 
Supply Voltage 


Input High Voltage 
Input Low Voltage 


Symbol 
Vcc 
Vss 
Vin 
Vit 


Note) *1. -3.0V for pulse width S 20ns. 


Function Table 
cs OE 
H HorL 
L H 
L L 
L H 
L L 


3 


H 


° 


(ool Mt oa oom >) 


rb 


min typ 

4.5 5.0 

0.0 0.0 
2.2 - 
-0.5*! - 
Mode 


Not selected 
Output Disabled 
Read 


Write 


DC and Operating Characteristics (Voc =5V+10%, T,=0 to +70°C) 


Item 


Input Leakage Current 


Output Leakage Current 


Operating Power Supply Current 


Average Operating Current 


Standby Power Supply Current 


Output Low Voltage 
Output High Voltage 


AC Test Conditions 
® Input pulse levels 


@ Input and Output reference levels 
@ Input rise and fall time 
e 


Output Load: See Figure 





Symbol 


Ipi 
ILol 


Icc 
Icc1 
Isp 


Igpy 


VoL 
Vou 


min 


max Unit 
5.5 Vv 
0.0 Vv 
6.0 Vv 
0.8 Vv 
Vcc Current 1/O Pin Ref. Cycle 
Isp, Ispy High Z - 
Ice: Icc1 High Z _ 
Icc, Iccy Dout Read Cycle (1) (2) (3) 
Icc; lec Din Write Cycle (1) (2) (3) (4) 
Ice; Iecy Din Write Cycle (5) (6) 
typ max Unit Test Conditions 
= 2 wA Voc=5.5V, Vin = Vss to Voc 
CS = Vuy or OE = Voy or WE = Vy, 
2 HA Vio = Vss to Vcc 
~ 100 3mA CS=ViIL,Ijo = 0mA 
= 120 mA Min.Cycle,Duty:100%,l1;o=O0mA 
= 30 ma CS= Vin 
7 10: mA ve Eaves > Veco -0.2V 
2 04 V_ Io, =8mA 
= = VY lIon=—4mA 
Vss to 3.0V 
15V 
4ns 


ey 
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* including 
scope and jig 


Output Load B 
(temz, twuz. tow 
terz, tow, torz 


HM6789 Series 


Capacitance (7, = 25°C, f= 1.0MHz) 








Item Symbol min typ max Unit Test Conditions 
Imput Capacitance Cin - - 6 pF Vin = 0V 
Input/Output Capacitance Cio S, = 8 pF Vio =0V 





Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Vcc=5V+10%, T,=0 to +70°C, unless otherwise noted.) 















































Read Cycle 
pat Gabel _ 7 Bieastbiey sae 
min max min max 
Read Cycle Time ae tRc 25 = 30 2 ns 
Address Access Time taa - 25 - 30 ns 
Chip Select Access Time tacs - 25 ~ 30 ns 
Chip Selection to Output in Low Z tcLz*! 0 — 0 - ns 
~~ Output Enable to Output Valid tor 0 15 0 15 ns 
Output Enable to Output in Low Z toLz*! 0 - 0 - ns 
Chip Deselection to Output in High Z tcHz*1 0 10 0 12 ns 
~~ Output Hold from Address Change toH 5 ~ 5 - ns 
~~ Input Voltage Rise/Fall Time tr” = 150 = 150 ns 
Write Cycle 
ne peat, <a TE HNO ae 
min max min max 
Write Cycle Time twe 25 _ 30 == ns 
Chip Selection to End of Write tcw 20 ~ 25 = ns 
Address Setup Time tas 0 _ 0 = ns 
Address Valid to End of Write taw 20 - 25 _ ns 
Write Pulse Width twp 20 _ 25 - ns 
Write Recovery Time twR 0 - 0 - ns 
Write to Output in High Z twHz*1 0 10 0 12 ns 
Data Valid to End of Write tpw 15 - 20 = ns 
Data Hold Time tou 5 - 5 _ ns 
Output Disable to Output in Hihg Z touz*! 0 10 0 10 ns 
Output Active from End of Write tow*l 0 — 0 = ns 





Notes) *1. Transition is measured +200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
*2. Ifty becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi Sales Dept. regarding specification. 
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HM6789H Series 


Timing Waveform 
Read Cycle (1) *1 


W 5 8S) 


High Impedance Data Valid 





Read Cycle (2)°1.°2.°3 


Previovs Data Valid 





Read Cycle (3)*1.°3.°4 





Notes) *1. WE = Vin 
*2. CS= Vir 
*3, OE= Vit 
*4. Address valid prior to or coincident with CS transition Low. 
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HM6789 Series 


Write Cycle (1) (GE = H, WE Controlled) 









Address 


jeremereeeenat 
= WAR 777 
. A 


toi 


~ XXXXXXXOK = XXKXXXD 


Write Cycle (2) (OE = H, CS Controlled) 


" UNE seme (FEELS 


~ XXXXXXOK == XXX 


High Impedance 
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HM6789 Series 


Write Cycle (3) (OE = Clocked, WE Controlled) 


— 
SS 
NS a ANTE 


Be. 


X {== iD 


Write Cycle (4) (OE = Clocked, CS Controlled) 


aaa 





Address 


: TW ARNT 
: a 


: Saas 
ox == ¥0 
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HM6789 Series 


Write Cycle (5) (OE = L, WE Controlled) 


WSMV? 
i fe 


ee 
A a 


Rammer eR 
High Impedance (¥ NAN *5 High Impedance 
ZS 


ae 


Address 


an 
WO YT? 


twuz 


tow ton 


| ae 
== $= XXX) 


Notes)*1. A write occurs during the overlap (twp) of a low CS and a low WE. 

*2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. 

*3. Dout is the same phase of write data of this write cycle. 

*4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 

*5. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to 
the outputs must not be applied to them. 

*6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain 


in high impedance state. 
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HMG789H Series 
16384-word x 4-bit High Speed Hi-BiCMOS Static RAM (with OE) 


Features 
@ Super Fast Access Time:............... 15/20 ns (max) 
@ Low Power Dissipation (DC) Operating. .... 280 mW (typ.) 
@ +5V Single Supply 
® Completely Static Memory 
No Clock or Timing Strobe Required 
Balanced Read and Write Cycle Time 
Fully TTL Compatible Input and Output 


HM6789HP Series 


Ordering Information 























Type No. Access Time Package (DP-24NC) 
HM6789HP-15 15ns 300 mil 24 pin 
HM6789HP-20 20ns plastic DIP HM6789HIJP Series 
HM6789HJP-15 15ns 300 mil 
HM6789HJP-20 20ns 24 pin plastic SOJ 
Block Diagram 


Memory Matrix 


128 X 512 


(CP-24D) 





Ce Pin Arrangement 
Column 1/0 


Input Column Decoder 
Data 


Control 





Absolute Maximum Ratings 


Item Symbol Rating Unit 
Terminal Voltage to Vsg Pin Vr -0.5to+7.0 V 
Power Dissipation Pr 1.0 (Top View) 





W 
Operating Temperature Range Topr 0to+70 °C 
Storage Temperature Range under bias Tstg(bias) -10 to +85 °c 
Storage Temperature Range Tstg 55 to+125 °C 


Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi’s Sales Dept. regarding specifications. 
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HM6789H _ Series 


Recommended DC Operating Conditions (7, = 0 to +70°C) 


Item Symbol min typ max Unit 
Vcc 4.5 5.0 5.5 V 
Supply Voltage TT 
Vss 0.0 0.0 0.0 V 
Input High Voltage Vin 2.2 - 6.0 Vv 
Input Low Voltage Vit ~0.5*! ~ 0.8 Vv 


Note) *1. —3.0V for pulse width < 10ns. 


Function Table 


CS OE WE Mode Vecc Current 1/O Pin Ref. Cycle 

H Hor L HorL Not selected , Isp, Isp High Z ~ 

L H H Output Disabled Ice, Iecy High Z _ 

L L H Read Icc; Ieci Data Out Read Cycle (1) (2) (3) 

L H L cores Ice: lcci Data In Write Cycle (1) (2) (3) (4) 
L L L Ico, Iecy Data Out Write Cycle (5) (6) 





DC and Operating Characteristics (Voc =5V+10%, T,=0 to +70°C) 


Item Symbol min typ max Unit Test Conditions 
Input Leakage Current py — 7 2 vA Vecc=5.5V, VIN = Vss to Vcc 
CS = Vin or OF = Vip or WE = Vy, 
Output Leakage Current ILol - - 10 BA Vio = Vss to Vee 
Operating Power Supply Current Ice - - 100 mA CS=Vjr, I11j0 = OMA 
Average Operating Current Icc, = = 120 mA Min.Cycle,Duty:100%,ljj9=0mA 
Isp ——— 30 mA CS= Vin 
Standby Power Supply Current CS2 Vcc - 0.2V 
IsBy - - 10 mA y= 
IN S 0.2V or ViIn 2 Voc -0.2V 
Output Low Voltage VOL - = 0.4 Vv Io_ = 8mA 
Output High Voltage VoH 2.4 = = Vv Ion = -4mA 


AC Test Conditions 


@ Input pulse levels ..............20000. Vss to 3.0V 
@ Input and Output reference levels .............. 1.5V 
@ Input rise and falltime .................0000. 4ns 
® Output Load: See Figure 


* including 
scope and jig 


Output Load A Output Load B 
tonz, twuz, touz 
berz. tow. totz 
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HM6789H Series 


Capacitance (T, = 25°C, f = 1.0MHz) 





Item Symbol typ max Unit Test Conditions 

Imput Capacitance CIN - 6 pF Vin = 0V 
Input/Output Capacitance Cy JO - 10 pF Vy jo = 0V 
Note) This parameter is sampled and not 100% tested. 

AC Characteristics (Vcc=5V+10%, T,=0 to +70°C, unless otherwise noted.) 

Read Cycle 

HM6789H-15 HM6789H-20 
Item symbol —HYY_,___—— Unit 
min max min max 

Read Cycle Time tre 15 - 20 a ns 
Address Access Time taa - 15 = 20 ns 
Chip Select Access Time tacs ee 15 = 20 ns 
Chip Selection to Output in Low Z tetz*1 3 - 3 - ns 
Output Enable to Output Valid tor 0 12 0 12 ns 
Output Enable to Output in Low Z toLz*! 3 - 3 - ns 
Chip Deselection to Output in High Z tcHz*1 0 6 0 8 ns 
Output Hold from Address Change tou 3 - 3 - ns 

Write Cycle 

— Symbol HM6789H-15 HM6789H-20 Unit 
min max min max 

Write Cycle Time twe 15 - 20 - ns 
Chip Selection to End of Write tcw 10 - 15 = ns 
Address Setup Time tas 0 - 0 - ns 
Address Valid to End of Write taw 10 - 15 - ns 
Write Pulse Width twp 10 = 15 se ns 
Write Recovery Time twr l 2 1 = ns 
Write to Output in High Z twHz*1 0 6 0 8 ns 
Data Valid to-End of Write tpw 9 - 10 - ns 
Data Hold Time tpH 0 _ 0 - ns 
Output Disable to Output in High Z toHz*1 0 6 0 8 ns 
Output Active from End of Write tow*l 0 = 0 - ns 


Note) *1. Transition is measured +200mV from steady state voltage with Load (B). 


This parameter is sampled and not 100% tested. 
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HM6789H Series 


Timing Waveform 
Read Cycle (1) 


Address 


Data Out 





Read Cycle (2)°1.°2.°3 


Address 


Data Out Previous Data Valid 





Read Cycle (3) *1.°3.°4 


Data Out 





Notes) *1. WE = Vin 
*2. CS= Vir 
*3. OE= Vit 
*4. Address valid prior to or coincident with CS transition Low. 
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HM6789H Series 


Write Cycle (1) (OE = H, WE Controlled) 


. eee 
< WY ZV777 
: a 


to 


 XEXKRKK == AED 









i RNAS sean (SPIES: 


tow 


ee 
» OOOO XXX 





@:HITAGHI 
146 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300. 


HM6789H Series 


Write Cycle (3) (GE = Clocked, WE Controlled) 


ee 
SN LEELA 
¢ \ re 


tors * 2 


Renctahesheieseieinil 
ZVTF as 


_ a a 
WA ZZ7ZZZ 
XX == XY 
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HM6789H Series 


Write Cycle (5) (OE = L, WE Controlled) 


WWM ZZ 
sane a 


Loe es Pes NV 
EG SU EY EY EY L/S 


tow ton 


Pe ene oh 
High Impedance ¢" an \) \. #5. High Impedance 
al 
/\ hae 





Write Cycle (6) (OE = L, CS Controlied) 


Address 


Wik ZTZZZZZ 


twuz 


Data Out ey, — 


tow ton 


| Pee 
ae = KX 





Notes)*1. A write occurs during the overlap (twp) of a low CS and a low WE. 

*2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. ; 

*3. Data Out is the same phase of write data of this write cycle. 

*4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 

*5. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to 
the outputs must not be applied to them. 

*6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain 


in high impedance state. 
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HM6789HA Series 


16384-Word x 4-Bit High Speed Static RAM (with OE) 


@ FEATURES 


¢ Super Fast 

Access Time ..............20000e Add. 12/15/20ns (max.) 

OE 6/7/8ns (max.) 

e Low Power Dissipation 

(DC) Operating ............ 0. cee ee eee 300mW (typ.) 
e +5V Single Supply 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
e Fully TTL Compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 


12ns 
15ns 
20ns 


12ns 
15ns 
20ns 












HM6789HAP- 12 
HM6789HAP- 15 
HM6789HAP-20 


HM6789HAJP-12 
HM6789HAJP-15 
HM6789HAJP-20 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 



















@ BLOCK DIAGRAM 


Memory Matrix 







Aso 128 X 512 

Aso 

A3 O 

Ao O 

SS ee 

010 Column I/O 
VO20 Column Decoder 
1/03 0 LAK LA ASARARR 
104 © 
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— Preliminary 


(DP-24NC) 


& 


(CP-24D) 





@ PIN ARRANGEMENT 


oOOAON Dak WD = 





(Top View) 
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HM6789HA Series 
@ ABSOLUTE MAXIMUM RATINGS 


| em Uni 
Voltage on Any Pin Relative to Vsg Vv 
Power Dissipation W 
Operating Temperature Range °C 
Storage Temperature Range (with bias) °C 
Storage Temperature Range °C 

@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 

Item | Symbol | Min. | Typ. | Max. | Unit 
re Vec | 45 [50 | 55 | V 
[7 TP 

Input High Voltage oR 
Input Low Voltage Vit* | -30 | — | o8 | Vv 


*Pulse width < 10ns, DC: -0.5V 


@ TRUTH TABLE 


Output Disabled High Z 


lec. Toc) | Data in 
ae 3 
ec ocr | Datain [Wate Cycle @) 6) 


l™ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, Vsg = OV) 





fem [Symbot[ Test Condition | Min, | Typ. | Max.] 
Input Leakage Current Inil_| Veo = 5.5V, Vin =VsstoVec | — | — | 2 | 
CS = Vyyq or OE = Viq, WE = V 
Output Leakage Current IILol vies Vs et Ved mn se -- | - | | 
Operating Power Supply Current CS = Vi, Ivo, = OMA | — | — | 100 | 
Average Operating Current | Toc | Min. Cycle, Duty: 100%, yp = Oma | — | — | 120 | 
| Isp | CS = Vin a ee 
Standby Power Supply Current re CS = Voc - 0.2V p=] - | 0 
Vin < 0.2V or VIN = Vec -0.2V 
Output Low Voltage i 
Output High Voluge [Mia ere ee cen 
@ AC TEST CONDITIONS 
¢ Input Pulse Levels: Vgs to 3.0V © Input Rise and Fall Time: 4ns 
¢ Input and Output Reference Levels: 1.5V © Output Load: See Figure 


+ 200mV from steady level (Output Load B) 


+5V +5 V 
4800 Dout 4800 


30 pF * 2550 5 pF * 


Output Load B 
Output Load A (for toyz; teiz> tonz> toz, twz & tow) 


*Including scope and jig capacitance. 
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HM6789HA Series 


@ TIMING WAVEFORM 
¢ Read Cycle (1) () 
tac 


OC = SSS \ NMLLLLLL 2 


cS NS Nea —_-s LLLML LLL 


= be tee 
terz 


ee eee G5 ae = 






e Read Cycle (2) (1) (2) (3) 


Address 





: a 


Data Out Previous Data Valid KA 


¢ Read Cycle (3) (1) (8) (4) 


CS 





Data Out 


NOTES: 1. WE = Vig 
2.CS = ViL 
3. OE = Vit 
4. Address valid prior to or coincident with CS transition low. 
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HM6789HA Series 
@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 


fem Symbol [Test Conditions [Min | Typ. | Max. | Uni 
ier Capeclincs ea Ec 
inpu/Output Capacitance | Cyo | Vyo=0V | — | — | 0 | 9 
NOTE: This parameter is sampled and not 100% tested. 

@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 

© Read Cycle 


: 
B 
a0 
K 
a 
XQ 
oO 
Xe) 
am) 
a 
a 


—- HM678 HM6789HA-20 ot 
Read Cycle Time eg om eee hee eae eee ee 
Address Access Time i ne ee 
Chip Select Access Time ee ae oe nl ee 
Chip Selection to Output in Low Z ltyz | 3 | — | 5 | — | 5 [| — | ns | 1,2 
Output Enable to Output Valid | tos | 0 | 6 | 0 | 7 | 0 | 8 | ms | 1 
Output Enable to Output in Low Z 2}, — | 2 | — | 2 | — | os { 1,2 
Chip Deselection to Output in High Z ) 6 | o | 6 | O | 8 | ns | 1,2 
Outut Hold from Address Change | tog | | — | 41 — 1-4 | = | |= 
e Write Cycle 

Item Symbol seen bai ieee Notes 

| Min. | Max. | Min. | Max. | | Min. | Max. | 

Wiite Cyele Time Pines eee se ce ee 
Gupscecton Eno Wie tay ee cb a ee fe |e 
Address Setup Time ag (GS | de 0 ee me 
Address Valid to End of Write taw | 8s | — | o© | — | bo | — | os | — 
Write Pulse With a ch eee 
Write Recovery Time a Ge) aD 
Write to Output in High Z ir a er 
Data Valid to End of Wiit Cen ene Ss eee 
Data Hold Time OO 
Output Disable to Output in High Z | towz | 1 | 6 | 1 | 6 | 1 | 8 | ns | 1,2 
Output Active from End of Write ftw | 3 | — | 3 | — | 3 | — | os | 1,2 


NOTES: 1. Transition is measured +200mV from steady state voltage with Load B. 
2. This parameter is sampled and not 100% tested. 


@ HITACHI 
152 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 © (415) 589-8300 


HM6789HA Series 
e Write Cycle (1) (OE = H, WE Controlled) 


two 
= Ws ~ aa 


er bs er | 


RS 
VVVVVYVVVVYVYVYVYVYVYYY VVYVVVVV 
Data In XXX KAAAAKA OOXXXXXXY 7 


H 


High Impedance 
Data Out 


¢ Write Cycle (2) (OE = H, CS Controlled) 


Address 
= ~_ = 


YE WR WEL 
VYVYYYYVYYYYY VV } ; J VY VY VY 
Data in KXKKXKAAKAAAAAKA > OY 


High Impedance 








Data Out 


HITACHI 
Hitachi America, Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 ¢ (415) 589-8300 153 


HM6789HA Series 
° Write Cycle (3) (OE = Clocked, WE Controlled) 


two 


Address 


OE cs 


cs ae > 2 eacae sareeere i Me 


; — ts 
tonz 2 toiz(2 
Data Out High Impedance 


High Impedance 


See 
High Impedance V/ p———_ VV 
Data In \ a ss 


¢ Write Cycle (4) (OE = Clocked, CS Controlled) 





me 


ae eee 
j VY 7 VV/ 
Data In AK Data Valid KA 
High Impedance 
Data Out 
HITACHI 
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HM6789HA Series 


¢ Write Cycle (5) (OE = L, WE Controlled) 


t 


Ly 


—— ee | 
= ssl zea tlt 






CS 
‘ = | 


Datadut. _>>>>>»>»>»»>»»>» >>>» o—w- yaaa 
NI (5) High Impedance 


Baar ee, 
High Im n 
Data In enone <¥ datavaid SD 
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HM6789HA Series 


¢ Write Cycle (6) (OE = L, CS Controlled) 


Address 


Data Out 


Data In 


NOTES: 


156 


N 


Ww 


wr 


an 


A 


eee 


— 
SSN "TTI 
<P High Impedance 


tow tou 


anes Sy 
en meen <I batavais_-XXXXKXKKK 





. A write occurs during the overlap (twp) of a low CS and a low WE. 
. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 


be applied. 


. Dout is the same phase of write data of this write cycle. 


If the CS low transition occurs after the WE low transition, output remain in a high impedance state. 


. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 


outputs must not be applied to them. 


. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 


high impedance state. 
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HM6G2877 Series 


65536-word x 1-bit High Speed CMOS Static RAM 


FEATURES 
High Speed: Fast Access Time 45/55/70ns (max.) 
Single 5V Supply and High Density 22 Pin Package 
Low Power Standby and Low Power Operation 
Standby: 100uW (typ.)/10uW (typ.) (L-version) 
Operation: 300mW (typ.) 
® Completely Static Memory 

No Clack or Timing Strobe Required 
@ Equal Access and Cycle Times 
®@ Directly TTL Compatible: All Inputs and Output 
@® Capability of Battery Back Up Operation (L-version) 


@ ORDERING INFORMATION 
Access Time 
45ns 
55ns 
70ns 
45ns 


55ns 
70ns 


Package 












HM6287P-45 
HM6 287P-55 
HM6287P-70 


HM6287LP-45 
HM6287LP-55 
HM6287LP-70 






300 mil 22 pin 
Plastic DIP 



















# BLOCK DIAGRAM 


a Veco 


a— Vs 






Memory Array 


128 x $12 










1/0 >— Dest 


NW) 


Columa 






NOTE: Not for new designs. 
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Maintenance Only 





(DP-22N) 


@ PIN ARRANGEMENT 





(Top View) 
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HM6287 Series 





® TRUTH TABLE 


[wots [Vee Oe 
[Ret seesed | Tansfonr 


Wie Cyl 


= ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vss Vv 
Powe Dissipation a eS Ce 
Operating Temperate Zs 
Storage Temperature °C 
Temperature Under Bias °C 


Note) *1. -—3.5V for pulse width S 20ns 





= RECOMMENDED DC OPERATING CONDITIONS (7; = 0 to +70°C) 










Supply Voltage 


Input Voltage 


Note) *1. -3.0V for pulse width S 20ns 
= DC AND OPERATING CHARACTERISTICS (Voc = 5V + 10%, Vss = OV, Ta = 0 to +70°C) 


eaem 
al ese 
=a [007 


CS = Viz, out = OMA, min, cycle 


CS 2 Voc-0.2V, | = | 0.02| 2.0 |mA 

TSBI_ | QV S Vin $0.2V 01 Voc -0.2V S Vin | — | 2°2 {100° | 
ie a Oe 
| Vou | ton=-40mA—“‘“‘é‘w Ad HCL CY 


Notes) *1. Typical limits are at Vcc = 5.0V, Tg = 25°C and specified loading. 
*2, This characteristics is guaranteed only for L-version. 








Input Leakage Current 
Output Leakage Current 
Operating Power Supply Current 












Standby Power Supply Current 


Output Voltage 






m CAPACITANCE (f= 1MHz, 7, =25°C) 


Input Capacitance Vin = OV 





Output Capacitance Vout = OV 


Note) This parameter is sampled and not 100% tested. 
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HM6287 Series 


= AC CHARACTERISTICS (Vcc = 5V +10%, Tz = 0 to +70°C, unless otherwise noted) 
@ AC TEST CONDITIONS 

Input Pulse Levels: Vs to 3.0V 

Input Rise and Fali Times: 5ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: See Figure 


Output Load A Output Load B 
5V 
5V 

4802 4802 

Dout Dout . 

ba 2559 SF 

2552 30pF 

*#iInctuding scope & jig capacitance * Including scope & jig capacitance 


@ READ CYCLE 








isin Symbol HM6287-45 HM6 287-55 HM6287-7 


Read Cycle Time 


Address Access Time 

Chip Select Access Time 

Output Hold from Address Change 
Chip Selection to Output in Low Z 
Chip Deselection to Output in High Z 
Chip Selection to Power Up Time 
Chip Deselection to Power Down Time 


Unit Notes 













1 













2, 3,7 








|_ns 
| ns 
| ns | 
| ns | 
| - | ns | 2,3,7 
| ns | 
| ns | 
| ns | 


@ Timing Waveform of Read Cycle No. 1'4)(5) 


Address 


Dout 


Dout High Impedance 


tee 

Vee supply. 5 eS ee ee ee eM ee 
current 
Iss 


Notes: 1. All Read Cycle timings are referenced from last valid address to the first transitioning address. 
2. At any given temperature and voltage condition, t#z max. is less than t7 7 min. both for a given device 
and from device to device. 
. Transition is measured +500 mV from steady state voltage with specified loading in Load B. 
. WE is high for READ Cycle. ee 
. Device is continuously selected, while CS = Vyz. 
. Address valid prior to or coincident with CS transition low. 
. This parameter is sampled and not 100% tested. 
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IAM & WwW 


HM6287 Series 





@ WRITE CYCLE 


Write Cyote Time ewe | 4s | - | ss | - |] - | m | 2 
Chip Selection to End of Write tcw 40 oe | 50. | Se pe So 
Address Valid to End of Write taw 40 | - | so | - | 55 | - | ows | 
Address Setup Time as Oe Oe Oe a 
Write Pulse Width MWe hs Or 1) ae 8S (a0 | 
Write Recovery Time rie | Oe tO) = | oO = | 
Data Valid to End of Waite pipwe tes = de Oe 
Data Hold Time Vio | 9] - | ef- | o,-| 
Write Enabled to Output in High Z | twz | Oo | 25 | oO | 25 | 0 | 30 | 3,4 
Output Active from End of Write | tow | Oo | - | 0 St 3,4 


Din 





High Impedance 
Pout Data Undefined 


© Timing Waveform of Write Cycle No. 1 (CS Controlled) 


Address 





cs 
WE 
Bie Data in Valid 
—tWZ 
High 
Dout Data Undefined igh Impedance 


Notes) 1. If CS goes high Simultaneously with WE high, the output remains in a high impedance state. 

. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
. Transition is measured +500mV from steady state voltage with specified loading in Load B. 

. This parameter is sampled and not 100% tested. 


wn 
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HM6287 Series 


@ LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 


This characteristics is guaranteed only for L-version. 


- Yor 


Unit 






| max. 
Vcc for Data Retention VpDR es BV GC = PAY br | 20 | - [| - | Vv 
Data Retention Caren WEreenel- [1] so? [aA 
Chip Deselect to Data Retention Time See retention wave | 9 | —- | ns 
= 


eae 
Operation Recovery Time | tR | form | - | ns 


Note) *1. tec = Read Cycle Time 
*2. Voc= 3.0V 


@ LOW Vcc DATA RETENTION WAVEFORM 


Data Retention Mode 





CS2Vcé -0.2V 





SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 


Supply Current Ic¢c; (Normalized) 
Supply Current Icc: (Normalized ) 





Supply Voltage Vee (V) Ambient Temperature Ta (‘C) 
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HM6287 Series 


ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE 





z z 
8 = 
= g 
: i 
g 
: i 
< 
Supply Voltage Voc (V) Ambient Temperature Ta (‘C) 
STANDBY CURRENT vs. STANDBY CURRENT vs. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 








z z 
5 3 
: : 
z 3 
i E 
n n 
Supply Voltage Voc (V) Ambient Temperature Ta (°C) 
SUPPLY CURRENT vs. STANDBY CURRENT vs. 
FREQUENCY INPUT VOLTAGE 
T (ns) 

a4 200 100 66 50 40 
~ 10 ss 
i 09 i 
Zz S 
8 5 
= 08 Be 
5 : 
> 07 2 
3 3 
n 

0.6 
085 5 10 15 20 25 
Frequency f (MHz) Input Voltage Viv (V) 
©@ HITACHI 


162 Hitachi America, Ltd. ¢ Hitachi Plaza © 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 





Input Low Voltage V;, (Normalized) 


Output High Current Ion (Normalized ) 








HM6287 Series 


INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE SUPPLY VOLTAGE 


Input High Voltage Vr (Normalized) 





Supply Voltage Vcc (V) Supply Voltage Vec (V) 
OUTPUT HIGH CURRENT vs. OUTPUT LOW CURRENT vs. 
OUTPUT HIGH VOLTAGE OUTPUT LOW VOLTAGE 


Output Low Current Jo, (Normalized ) 





Output High Voltage Voy (V) Output Low Voltage Vo. (V) 
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HM6287H Series 
65536-Word x 1-Bit High Speed CMOS Static RAM 


The Hitachi HM6287H is a high speed 64K static RAM organized HM6287HP Series 
as 64-kword x 1-bit. It realizes high speed access time (25/35 ns) and 
low power consumption, employing CMOS process technology and 
high speed circuit designing technology. It is most advantageous for 
the field where high speed and high density memory is required, 
such as the cache memory for main frame or 32-bit MPU. The 
HM6287H packaged in a 300-mil plastic DIP and SOJ, is available 
for high density mounting. 

Low power version retains the data with battery back up. 


(DP-22NB) 


Features HM6287HIP Series 


¢ Single 5 V supply and high density 22-pin DIP and 24-pin SOJ 
¢ Highspeed: Fast access time 25/35 ns (max) 
¢ Low power 
Operation: 300 mW (typ) 
Standby: 100 pW (typ) 
* Completely static memory 
No clock or timing strobe required 
* Equal access and cycle times 
¢ Directly TTL compatible: All inputs and outputs 





(CP-24D) 


Pin Arrangement Pin Description 
HM6287HP Series HM6287HIP Series Pin Name Function 
AO — Al5 Address 
Din Input 
Dout Output 
cs Chip select 
WE Write enable 
Vcc Power supply 
Vss Ground 





(Top View) 


Ordering Information 


Type No. Access Time Package 
HM6287HP-25 25 ns 300-mil 
HM6287HP-35 35 ns 22-pin 
HM6287HLP-25 25 ns plastic DIP 
HM6287HLP-35 35 ns (DP-22NB) 
HM6287HIP-25 25 ns 
HM6287HIP-35 35 ns 300-mil 
HM6287HLIP-25 25 ns 24-pin SOJ 
HM6287HLIP-35 35 ns (CP-24D) 
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HMG287H Series 


Block diagram 


Memory Array 
128X512 


Column 1/0 


Column Decoder 
APSEEAPSEAEORLEA 


AT A8 AQ A10 All Al2 A13 A14 A15 





Function Table 


CS WE Mode Vcc Current Dout Pin Ref. Cycle 
H x Standby Iss, Isp1 High-Z — 
L H Read Icc Dout Read cycle 1,2 
L L Write Icc High-Z Write cycle 1, 2 
Note: x: HorL 


Absolute Maximum Ratings 





Item Symbol Value Unit 
Voltage on any pin relative to Vss Vr -0.5"' to +7.0 V 
Power dissipation Pr 1.0 Ww 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstg -55 to +125 °C 
Storage temperature under bias Tbias -10 to +85 °C 


Note: *1. Vrmin =-2.0 V for pulse width < 10 ns 


Recommended DC Operating Conditions (Ta = 0 to + 70°C) 


Item Symbol Min Typ Max Unit 

Supply voltage Vcc 45 5.0 5.5 Vv 
Vss 0 0 0 Vv 

Input high (logic 1) voltage Vi 2.2 — 6.0 V 
Input low (logic 0) voltage Vi —0.5"! — 0.8 Vv 


Note: *1. ViL min =-2.0 V for pulse width < 10 ns 
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HM6287H Series 


DC Characteristics (Ta = 0 to +70°C, Vcc = 5 V+ 10%, VsS=0 V) 




















Note: *1. This parameter is sampled and not 100% tested. 








Item Symbol Min Typ”! Max Unit Test Conditions 
Input leakage current pina — — 2.0 LA Vcc = Max 
Vin = Vss to Vcc 
Output leakage current (ILo | — _ 2.0 pA CS = Vn 
Vyo = Vss to Vcc 
Operating Vcc current Icc — 60 120 mA CS = Vi 
Iout=OmA, min cycle 
Standby Vcc current Isp — 15 30 mA CS = Vin, min cycle 
— 0.02 2.0 mA CS 2 Vcc-0.2 V 
Standby Vcc current (1) Ispi 0V < Vin <0.2V or 
| _ 0.02" 0.1? mA Vec— 0.2 V < Vin 
Output low voltage Voi — — 0.4 Vv Io. = 8 mA 
Output high voltage Vou 24 —_ —_ V ~ Jou =-4.0 mA 
Notes: *1. Typical limits are at Vcc = 5.0 V, Ta = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
Capacitance (Ta = 25°C, f= 1.0 MHz)” 
Item Symbol Min Typ Max Unit Test Conditions 
Input capacitance Cin — — 6 pF Vin=0V 
Output capacitance Cout — —_— 8 pF Voui=0V 





AC Characteristics ( Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted. ) 


Test Conditions 
* Input pulse levels: Vss to 3.0V 
* Input rise and fall times: 5 ns 





Output Load (A) 


+5V 
4802 


30pF # 


Note: Including scope & jig 


¢ Input and Output timing reference levels: 1.5 V 
¢ Output load: See figures 





Output Load (B) 


+5 


(for triz, tLz, twz & tow) 


440Q 


2552 5eF 
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HM6287H Series 


Read Cycle 
— Syinbol HM6287H-25 HM6287H-35 a 
Min Max Min Max 
Read cycle time tRc 25 — 35 — ns 
Address access time tAA — 25 — 35 ns 
Chip select access time tacs — 25 — 35 ns 
Output hold from address change toH 3 — 5 —_— ns 
Chip selection to output in low-Z uz"! 5 — 5 — ns 
Chip deselection to output in high-Z tHz”) 0 12 0 20 ns 
Chip selection to power up time (Pu 0 — 0 — ns 
Chip deselection to power down time tPp — 25 —_ 30 ns 


Read Timing Waveform (1) *? “3-°5 





Previous 
Data Valid 





High 
Impedance 


Vee Supply Current 





Notes: *1. Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100 % tested. 
*2. WE is high for read cycle. 
*3, Device is continuously selected, CS = Vit. 
*4. Address valid prior to or coincident with CS transition low. 
*5. All read cycle timing are referenced from last valid address to the first transitioning address. 
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HM6287H Series 


Write Cycle 
tiem Symbol HM6287H-25 HM6287H-35 Unit 
Min Max Min Max 
Write cycle time twc 25 — 35 — ns 
Chip selection to end of write tcw 20 — 30 — ns 
Address valid to end of write taw 20 — 30 — ns 
Address setup time tas 0 — 0 — ns 
Write pulse width tw 20 — 30 — ns 
Write recovery time twR 0 — 0 — ns 
Data valid to end of write tow 15 — 20 — ns 
Data hold time (DH 0 — 0 — ns 
Write enabled to output in high-Z twz'! 0 8 0 10 ns 
Output active from end of write tow"! 5 — 5 — ns 


Write Timing Waveform (1) (WE controlled) 


Address 


As 


QIK IMKKIDOR vat” | KX XDOOOCX 


pins Foe | 
High Impedance 
NA ZAZNVY/ 
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HM6287H Series 


Write Timing Waveform (2) (CS Controlled) 


Address 


XXOOXOOXOOXX) {wenn XXXXXKK 


High Impedance ** 





Notes: *1. Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
*2. A write occurs during the overlap of a low CS CS and a low WE. (twr) 
*3. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 
in a high impedance state. 
*5. Dout is the same phase of write data of this write cycle, if twr is long enough. 


Low Vcc Data Retention Characteristics ( Ta = 0 to +70°C ) 
(This specification is guaranteed only for L-version.) 








Item Symbol Min Typ Max Unit Test Condition 
Vcc for data retention Vopr 2.0 — — Vv 2 Vcc - 0.2 V 
Data retention current Iccor — — 50°? pA Vin 2 Vcc — 0.2 V or 
35° O0V<Vin<0.2V 
Chip deselect to data reterition time _tcpr 0 — — ns : 
Operation recovery time IR iRC*! aah = me See retention waveform 
Notes: *1. trc = Read cycle time 
*2, Veoc=3.0 V 
*3, Vec=2.0V 


Low Vcc Data Retention Timing Waveform 


Data Retention Mode 


CS2Vpa—0.2V 
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HM6287H Series 








Supply Current vs. Supply Voltage Supply Current vs. Ambient Temperature 


Supply Current Icc (Normalized) 
Supply Current Icc (Normalized) 
































4.5 4.75 5.0 5.25 5.5 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
Access Time vs. Supply Voltage Access Time vs. Load Capacitance 
1.8 
=) 3 
@ 
5 F 1.6 
E 5 
1.4 
Z ; 
n 1S) 
3 S12 
< s 
Ss @ 
¥) € 10 
& = 
e a 
“a n 
3 8 0.8 
9 < 
< 0.6 
0 50 100 150 200 
Supply Voltage Vcc (V) Load Capacitance CL (pF) 
Access Time vs. Ambient Temperature Supply Current vs. Frequency 
WW 100 50 33 25 20 T (ns) 
g S 
8 2 10 
: a 
F E 0.9 
S a 
g 
s YL 08 
3 5 
B é 0.7 
= > 
oS a 
a 
§ E 0.6 
<< 
7 0 10 20 30 40 50 
Ambient Temperature Ta (°C) Frequency f (MHz) 
© HITACHI 


170 Hitachi America, Ltd. ¢ Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 © (415) 589-8300 





Output High Current Ion (Normalized) Input Low Voltage Vu. (Normalized) 


Standby Current Iccor (Normalized) 











HM6287H Series 


Input Low Voltage vs. Supply Voltage Input High Voltage vs. Supply Voltage 








Input High Voltage Vn (Normalized) 














.7 
a2 a a0 ae ae “45 475 5.0 5.25 5.5 
Supply Voltage Vcc (V) Supply Voltage Vcc (V) 
Output Current vs. Output Voltage (1) Output Current vs. Output Voltage (2) 





Output Low Current Io: (Normalized) 





“0 0.2 0.4 0.6 0.8 
Output High Voltage Vou (V) Output Low Voltage Vor (V) 
Standby Current vs. Ambient Temperature Standby Current vs. Supply Voltage 


Standby Current Iss: (Normalized) 





Ambient Temperature Ta (°C) Supply Voltage Vcc (V) 
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HM6287H Series 


Standby Current vs. Input Voltage 


Ta=25T 
Voc =5.0V 
CS=4.8V 


Standby Current Ispi (Normalized) 





Input Voltage Vin (V) 
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HMG787 Series Maintenance Only 


65536-word x 1-bit High Speed Hi-BiCMOS Static RAM 


HM6787P Series 


# FEATURES 
Super Fast Access Time: 25ns/30ns (max.) 
@ Low Power Dissipation (DC): 
Operating 180mW (typ) 
@ High Driving Capability: !5, 16mA 
@ +5V Single Supply 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
@ Balanced Read and Write Cycle Time 
@ Fully TTL Compatible Input and Output 
@ Skinny 22-pin Plastic Dip (300 mil) and 22-pin Chip Carrier 


(DP-22NB) 





# ORDERING INFORMATION 


25ns 
30ns 


® BLOCK DIAGRAM 















Package 


300 mil 22 pin 
Plastic DIP 









HM6787P-25 
HM6787P-30 





s PIN ARRANGEMENT 
@ HM6787P Series 







Memory Matrix 
128X512 


ee 
WNW 













(Top View) 


BABSOLUTE MAXIMUM RATINGS 


[Symbot [Rating] 
vr | -05t0+70 
er 


Top [| Ot0 +70 
[Taig | =S5 0 125 











Terminal Voltage to Vg Pin 
Power Dissipation 

Operating Temperature Range 
Storage Temperature Range 
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HM6787 Series 


« TRUTH TABLE 


Voc Current Output Pin 


Tsp, 1sB1 


Input Low Voltage 





Note) *1. —3.0V for pulse width S 20ns. 


= DC AND OPERATING CHARACTERISTICS (Vec = 5V+10%, Tz = 0°C to +70°C) 


Input Leakage Current Voc=5.5V, Vin=Vss to Voc 
Output Leakage Current CS= Vy, Vour= Vss to Vee 


is 
a 
ial 


Unit 


Standby Power Supply Current CS2Vec -0.2V 


Output Low Voltage VoL Toi =16mA | — | 


3 
> 


@ AC TEST CONDITIONS Out put Load A Out put Load B 


Input pulse levels: Vss to 3.0V +5V (for tz, tz, twz & tow) 
Input rise and fall times: 4ns ow 

Input timing reference levels: 1.5V 

Output reference levels: 1.5V 480 @ 

Output load: See Figure an? 


Dout 


Dout 
255 Q 30pF * 
255 Q 5pF * 


* Including scope and jig. 
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HM6787 Series 


= CAPACITANCE (7, = 25°C, f= 1.0MHz) 


eee ee pa 
[four [70 ~*i|o 


Note) This parameter is sampled and not 100% tested. 
















Conditions 







Input Capacitance 


Output Capacitance 





w AC CHARACTERISTICS (Vcc = 5V+10%, Tz = 0°C to 70°C, unless otherwise noted.) 
@ READ CYCLE 





Item 








Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Output Hold from Address Change 
Chip Selection to Output in Low Z 
Chip Deselection to Output in High Z 
Chip Selection to Power Up Time 





















































Chip Deselection to Power Down Time 
Input Voltage Rise/Fall Time 











Notes) 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
2. This parameter is sampled and not 100% tested. 
3. If t7 becomes more than 150ns, there is possibility of function fail. 
Please contact your nearest Hitachi’s Sale Dept. regarding specification. 


@ WRITE CYCLE 


HM6787-25 HM6787-30 


Item Symbol Unit Notes 


Write Cycle Time 2 
Chip Selection to End of Write 
Address Valid to End of Write t 
Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enable to Output in High Z 
Output Active from End of Write 


NEES 
BIE le 


3,4 
3,4 


Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6787 Series 





@ TIMING WAVEFORM OF READ CYCLE NO. 12): 2) 


tRc 


Address 


i 


Data Out Previous Data Valid 2 e¢ Data Valid 


e@ TIMING WAVEFORM OF READ CYCLE NO. 2?) 3) 






ne High Impedance High Impedance 
Data Out 


Vec Supply 


Current 


Note: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6787 Series 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE CONTROLLED) 


“X77 
" ae 


Data Out 


Data Undefined 
High Impedance 





Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 


@ TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS CONTROLLED) 
twe 


tee KS 


ie i, ee ag 
CATA AAAS Oe 7470747, 
Le ie 


(Du 
Data In cil Data In Valid 


twz 


ic) 


Data Out Data Undefined 
High Impedance 


Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HMG787H Series 
65536-word x 1-bit High Speed Hi-BiCMOS Static RAM 


Features 
@ Super Fast Access Time: 15ns/20ns (max.) 
@ Low Power Dissipation (DC): 
Operating 210mW (typ) 
@ +5V Single Supply 
@ Completely Static Memory 
No Clock or Timing Strobe Required 
@ Balanced Read and Write Cycle Time 
@ Fully TTL Compatible Input and Output 


HM6787HP Series 


(DP-22NB) 
Ordering Information 
HM6787HJP Series 

Type No. Access Time Package 
HM6787HP-15 15ns 300 mil 22 pin 
HM6787HP-20 20ns Plastic DIP 
HM6787HJP-15 | . 15ns 300 mil 24 pin 
HM6787HJP-20 20ns Plastic SOJ 


Block Diagram 


(CP-24D) 





Memory Matrix 


128X512 


a ae area 
Column 1/0 
Ls eT Ag OW 





HM6787HIP Series 


Note) The specifications of this device 
are subject to change without 
notice. 

Please contact Hitachi’s Sales 
Dept. regarding specifications. 





(Top View) 
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HM6787H Series 


Absolute Maximum Ratings 


Item Symbol Rating Unit 
Terminal Voltage to Vgg Pin Vr -0.5 to +7.0 Vv 
Power Dissipation PT 1.0 WwW 
Operating Temperature Range Topr 0 to +70 °C 
Storage Temperature Range Tstg -55 to +125 Cc 
Temperature under Bias T bias —10 to +85 °C 


Function Table 











cs WE Mode Voc Current Output Pin 
H x Not Selected Tons lent High Z 
L H Read ae Pe Dout 

L L Write Toc: loec1 High Z 


Recommended DC Operating Conditions (0°C < Ta £ 70°C) 
































Item Symbol min. typ. max. Unit 
Veo 4.5 5.0 5.5 Vv 
Supply Voltage 
Vss 0 0 0 Vv 
Input High Voltage Vig 2.2 = 6.0 V 
Input Low Voltage Vin -0.5*! = 0.8 Vv 
Note) *1. -3.0V for pulse width S 10ns, 
DC and Operating Characteristics (Voc = 5V+10%, Tz =0°C to +70°C) 
Item Symbol min. typ. max. Unit Test Conditions 
Input Leakage Current pr - - 2 wA Voc=55V, Vin=V ss to Vcc 
Output Leakage Current rol - = 10 pA CS=Vy, Vour= Vss to Vcc 
Operating Power Supply Current Joc - - 100 mA CS=Vyz,[gy7=0mA 
Average Operating Current Toc. = -~ 120 mA _= Min.Cycle, Duty: 100% Iogy7r=OmA 
5B = = 30 mA CS=Vyy 
Standby Power Supply Current CS2V ec -0.2V 
SBI - - 10 
Vn $0.2V or Vin, 2V cc -0.2V 
Output Low Voltage VoL - - 04 VIor= 8mA 
Output High Voltage Vou 24 = - VloH=—-4mA 
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HM6787H Series 


AC Test Conditions Output Load A Out put Load B 
Input pulse levels: Vsg to 3.0V +5V (for twz, tuz,twz & tow) 
Input rise and fall times: 4ns +5V 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 


Dout 


255 Q 


* including scope and jig. 





Capacitance (7, = 25°C, f= 1.0MHz) 





Item Symbol max. Unit Conditions 
Input Capacitance Cin 6.0 pF Vin = 0V 
Output Capacitance Cour 10.0 pF Vout=0V 


Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Voc = 5V+10%, Tz =0°C to 70°C, unless otherwise noted.) 














Read Cycle 
Item Symbol BME uMsien 2) Unit Notes 
min. max. min. max. 
Read Cycle Time tRC 15 - 20 - ns 
Address Access Time tA - 15 - 20 ns 
Chip Select Access Time tacs - 15 - 20 ns 
Output Hold from Address Change toH 3 = 3 - ns 
Chip Selection to Output in Low Z trz 3 - 3 - ns ;2 
Chip Deselection to Output in High Z tHz 0 6 0 8 ns ,2 
Note: 1. This parameter is sampled and 100% tested. 
2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
Write Cycle 
Item Symbol eMC) = UNOS) Unit Notes 
min. max. min. max, 
Write Cycle Time twc 15 - 20 - ns 2 
Chip Selection to End of Write tcw 10 - 15 - ns 
Address Valid to End of Write taw 10 - 15 - ns 
Address Setup Time tas 0 - 0 - ns 
Write Pulse Width twp 10 - 15 = ns 
_WriteRecoveryTime ~~~ ~~SfWR.~C«8 a a ti TCUSSC~C“<~“ StSC“‘—S SSOCOC~S 
Data Valid to End of Write tpw 12 7 15 - ns 
Data Hold Time tpH 0 - 0 - ns 
Write Enable to Output in High Z twz 0 6 0 8 ns 3,4 
Output Active from End of Write tow 0 - 0 - ns 3,4 


Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. Ali Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6787H Series 


Timing Waveform of Read Cycle No. Pe? 


Address 


Data Out Previous Data Valid Data Valid 





Timing Waveform of Read Cycle No. 22): ») 










High Impedance 






High Impedance 





Data Out 


ef 


Note: 1. WE is high and CS is low for READ cycle. __ 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6787H Series 


Timing Waveform of Write Cycle No. 1 (WE Controlled) 


WX TT? 
\ 


Data In ( Data In Valid <aiw 


Data Out Data Undefined : 
High Impedance 





Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 


Timing Waveform of Write Cycle No. 2 (CS Controlled) 


Address 


EA EANAATAS On 070747, 
eee ad 


tDH 


Data In C | Data In Valid 


twz 


Data Out Data Undefined 
High Impedance 





Note: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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H M6787HA Series — Preliminary 


65536-Word x 1-Bit High Speed Static RAM 


@ FEATURES 
e Super Fast 

ACCESS TIME... 0... eee ees 12/15/20ns (max.) 
© Low Power Dissipation 

(DC) Operating... eas ae yin seta eds 300mW (typ.) 


e +5V Single Supply 
* Completely Static Memory 

No Clock or Timing Strobe Required 
¢ Fully TTL Compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 


12ns 
15ns 
20ns 


12ns 
15ns 
20ns 


Package 


300 mil 22 pin 
Plastic DIP 
(DP-22NB) 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 













HM6787HAP-12 
HM6787HAP- 15 
HM6787HAP-20 


HM6787HAJP-12 
HM6787HAJP-15 
HM6787HAJP-20 


























@ BLOCK DIAGRAM 


Memory Matrix 
256x1024 






Din o Ay2 Aya Ato Ag Aig Ais Ay Ag Aig 
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Dout 
O 


(DP-22NB) 


& 


(CP-24D) 





@ PIN ARRANGEMENT 
HM6787HAP Series 


OoOOMOnN ODO AA WN = 


(Top View) 
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HM6787HA Series 
@ ABSOLUTE MAXIMUM RATINGS 


fem Unit 
Voltage on Any Pin Relative to Vss Vv 
Power Dissipation W 
Operating Temperature Range °C 
Storage Temperature Range 26 
Temperature Under Bias | °C 


@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 







Supply Voltage 







Input High Voltage 
Input Low Voltage 
*Pulse width < 10ns, DC: -0.5V 


@ TRUTH TABLE 


[WE [Mode =< ~—Veg Current 
| HH | 


Read Ice, Iec1 





item [Symbol] Test Condiion | Min. | Typ. | Max | Uni 

Input Leakage Current ul =| Veco = 5.5V, Vin = Vss to Voc pF - | — | 2 | pA 

Output Leakage Current ko! | CS = Vig. Vour = Vss to Vec | — | — [| 10 | pA 

Operating Power Supply Current | Igc | CS = Vy, Iour = OmA . | — | — | 100 | ma 

Average Operating Current Min. Cycle Duty: 100%, Inyr = OMA | — | — | 20 | mA 

gp PCS = Van Sse 

Standby Power Supply Current sat | CS = Voc - 0.2V p= | - |» na 
Vin = 0.2V or Vin = Vcc -0.2V 

Output Low Voluge 7 SL a 

Pao aaex 


e 
| 
iN 
5 
e 


Output High Voltage Vou 


@ AC TEST CONDITIONS 


© Input Pulse Levels: Vss to 3.0V © Input Rise and Fall Times: 4ns 
© Input Timing Reference Levels: 1.5V © Output Reference Levels: 1.5V 
© Output Load: See Figure 


+5 V +5 V 
4800 4800 


30 pF * 5 pF * 


Output Load B 
Output Load A (for tyz, tiz, twz & tow) 





*Including scope and jig capacitance. 
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HM6787HA Series 


@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 


Input Capacitance 
Output Capacitance 
NOTE: This parameter is sampled and not 100% tested. 





@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, to 0°C to 70°C, unless otherwise noted.) 
e Read Cycle 


roth 
Read Cyole Time Hee ee et 
Address Access Time er ee 
Chip Select Acoess Time (FP a 7 GG 
Output Hold from Address Change | tn | 4 {| — {| 4 | — [| 4 | — [ 218 | — 
Chip Selection to Output inLowZ | tz 13 |.— | 5 |— 1.3 |.— | 2s | 12 
Chip Deselection to Output in High Z | tz | 0 | 6 | O | 6 {| O | 8 | os | 12 


NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 





e Write Cycle 


HM6787HA-12 | HM HA-1 — -20 ; 
Item Symbol atts lhl 2 Unit | Notes 


Write Cycle Time 


oe = ee 
Address Valid to End of Write tw | 8 | — | 0 [| — [| bo | — | ns | — 
Address Setup Time ene ie nS ee eee ee 
Write Pulse Width | twe | 8 | —~ | wo | —~ | 6 | — | ow | — 
Write Recovery Time ake eee aes se 
Data Valid to End of Write tow Tes Bl |e 
Data Hold Time ie Stats OE Ss a SI ee le fli 
Write Enable to Output in High Z | twz | o | 6 [| o [ 6 | o [| 8 | ns | 3,4 
Output Active from End of Write | tw | 3 | — | 3 [| — | 3 | — [ 218 | 3,4 


NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 


— 
:" 
— 
ci 
N 
i 
N 


3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. 
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HM6787HA Series 


@ TIMING WAVEFORM 
¢ Read Cycle (1) (1) 2) 









tre 
Address 
taa 
Data Out _—Previous Data Valid aes Data Valid 











¢ Read Cycle (2) (1) (3) 





cS 
Data Out KXX XX > Data Valid 
High Impedence High 
impedence 


NOTES: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6787HA Series 
¢ Write Cycle (1) (WE Controlled) 


twe 
Address a 


\ eee 
tbH 
Data In | Data In Valid 


tow 
| 





Data Out Data Undefined 
High Impedance 


NOTE: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6787HA Series 
° Write Cycle (2) (CS Controlled) 





Address 


= PO oman 
WE SI EFELZZZEZIEZZZ 
| sacra 


Data In < i DatainValid > in Valid 


twz 
Data Out Data Undefined 
High Impedance 


NOTE: 1. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 
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HMG6G2256 Series 


32768-word x 8-bit High Speed CMOS Static RAM 


® FEATURES 
@ High Speed: Fast Access Time 85/100/120/150ns (max.) 
@ Low Power Standby and Low Power Operation; 
Standby: 200uW (typ)/10uW (typ) (L-version), 
Operation: 40mW (typ.) (f = 1MHz) 
Single 5V Supply 
Completely Static RAM: No clock or Timing Strobe Re- 
quired 
Equal Access and Cycle Time 
Common Data Input and Output, Three-state Output 
Directly TTL Compatible: All Input and Output (DP-28) 
Capability of Battery Back Up Operation (L-/L-SL version) 


HM62256P Series 


HM62256FP Series 


@ ORDERING INFORMATION 


























Type No. Access Time Package 
HM62256P-8 85ns 
HM62256P-10 100ns 
HM62256P-12 120ns 
HM62256P-15 150ns 
HM62256LP-8 85ns 
HM62256LP-10 100ns 600 mil 28 pin 
HM62256LP-12 120ns Plastic DIP (FP-28DA) 
HM62256LP-15 150ns 
HM62256LP-10SL 100ns ® PIN ARRANGEMENT 
HM62256LP-12SL 120ns 
HM62256LP-15SL 150ns 
HM62256FP-8T 85ns 
HM62256FP-10T 100ns 
HM62256FP-12T 120ns 
HM62256FP-15T 150ns 
HM62256LFP-8T 85ns 
HM62256LFP-10T 100ns 28 pin 
HM62256LFP-12T 120ns Plastic SOP 
HM62256LFP-15T 150ns 
HM62256LFP-10SLT 100ns 
HM62256LFP-12SLT 120ns 
HM62256LFP-15SLT 150ns 


# ABSOLUTE MAXIMUM RATINGS 


1.0 














Voltage on any pin with relative to Vgg 






Power Dissipation 








Operating Temperature 










Storage Temperature 


(Top View) 


Temperature Under Bias 
Note) *1. -3.0V for pulse width S 50ns 
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HM62256 Series 


# BLOCK DIAGRAM 


Memory Array 


512x512 


Baler Column Decoder 


Y Address Buffer 


AO Al A2 AINAZA4 


pet eet [fee fe 
pe | Write | oe 

ee ee 
X means H or L 


# RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) 





® TRUTH TABLE 











Reference Cycle 








Read Cycle No. 1~3 
Write Cycle No. 1 
Write Cycle No. 2 










Supply Voltage 


Input Voltage 


Note) *1. —3.0V for pulse width S 50ns 


= DC AND OPERATING CHARACTERISTICS (Voc = 5V + 10%, Vsg = OV, Tg = 0 to +70°C) 


item 
Output Leakage Current CS= Vy or OE=Vyrror WE=ViL, Vijo=Vss to Vcc 
Operating Power Supply Current CS=Vrz, T7j9=0mA 

HM62256-8 
Average 
Operating HM62256-10 


I Min. Cycle, duty=100%, CS=Vy,, [7/9=O0mA 
Peck: POT T PET] CCl y y= IL> Lio 


Supply HM62256-15 
Current 


Unit 
BA 
BA 
mA 


typ*l 





mA 
mA 


Standby Power Supply Current mA 


N oOo w 
a i! 


.s 
> 





N 
* 
w 


IoL=2.1mA 
Output Voltage Iop=-1.0mA 


Notes) *1. Typical values are at Vcc=5.0V, Tg= 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
*3. This characteristics is guaranteed only for L-SL version. 
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o 
GE 
<|1< 


HM62256 Series 


= CAPACITANCE (7, =25 C, f=1MHz) 


Input Capacitance Cin Vin=0V | = | 


Note) This parameter is sampled and not 100% tested. 





= AC CHARACTERISTICS (Vcc=5V+ 10%, Tz =0 to +70°C unless otherwise noted) 
@ AC Test Conditions 











© Input pulse levels: 0.8V to 2.4V © Input and Output timing reference levels: 1.5V 
© Input rise and fall times: 5ns © Output load: 1TTL Gate and C, (100pF) 
(Including scope and jig) 
@ Read Cycle 
ae HM62256-10 | HM62256-12 
min, | max. | min, | max.| min, | max. | min, | max. 
Read Cycle Time oe me ee 
Adres Access Time ua | - [| 8 | - [io] - [aol - [a0] 
Chip Select Access Time riacs |= | 85_| =| 00 [= [20 [150 
Ter eae 
Output Hold from Address Change tOH | 5s | - | 10 - | 10[ - | 20] - | 
Chip Selection to Output in tow Z| rcuz| 10 | - | 10] - | io] - | 10[ - | m 
Output Enable to Output intowZ | coiz|_3 | - | s|- | s|-| 8] - | ms 
Chip Deselection to Output in High Z |tcuz| 0 | 30 | of 35 [| of 40] of 50] ns 
Oviput Disable to Output in High Z | ronz| 0 | 30 | 0] 35] 0] 40 | 0] s0| ms 
© Timing Waveform of Read Cycle No. 1!) 
tre 


Address } i 









a NAS EALLLLLLLL 
= yy tou L 
= a: 7s Gel AALS ATLAS ST. 


@ Timing Waveform of Read Cycle No. 2!11(21(4) 


tre 









Address 





Dout 





a ee, 
ROKK? 


/| 
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HM62256 Series —____———____LL__—— ee 


© Timing Waveform of Read Cycle No, 3!1! (3141 


Dout 


Data Valid 


Notes) |. WE is High for Read Cycle. 
2. Device is continuously selected, CS = Vy;. 
3. Address Valid prior to or coincident with CS transition Low. 


4. OE= Viz. 
@ Write Cycle 
fe. HM62256-8 | HM62256-10 | HM62256-12 | HM62256-15 
Waite Cycle Time Ce 
Chip Selection toEnd of Write | rcw | 75 | - | 80] - | 85 | - | 10] — | 
Address Valid toEnd of Write | taw | 75 | - | 80] - | 85] - | 100] — | 
Address Set Up Time Pas 0 Sood = | Oo) | 
Write Pulse Width twp | | - | | - | m| - | s0| — | 
Write Recovery Time Ttwre | 10 | - | of - | of - | of] - | 
Write to Output in High Z [twuz| o | 30 | of 35 | of 40 | of| so | 
Data to Write Time Overlap wi 4] - | 0, - | s| - | | - | 
Data Hold from Write Time ron | of} -| of - {| 07 -| o| -| 
Output Disable to Output in High Z tOHZ r of 30 { of 35 {| of 40 | Oj So | 
Output Active fromEnd ofWrite | row | 5 | - | 5] - | s| - | s]| — | 


nS ees 
aS 
« If SRW 


®: “WR ee 
ee 
WE Tk | 


Dot SSSSJSII MW 
TALL PLLLSS tow {oH 


ee ee 
7 <n 00 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


HMS2256 Series 


© Timing Waveform of Write Cycle No. 25) (OE Low Fixed) 


tuc 
tcw act 2 ) 
so WM 28 YZ 
ae Pe eee ton 
(7) 
Dout WERReEEeenae. ae as are: 
FL IDI DD PDI IL 7 BES 


tow tpu 


(3) 
‘ eum ::> >: 
A Ma aa aS 
Notes: 1. A write occurs during the overlap (f wp) of a low CS and a low WE. 
2. twp is measured from the earlier of CS or WE going high to the end of write cycle. 
3. During this period, I/O pins are in the output state. The input signals out of phase must not be applied 
4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 
outputs remain in a high impedance state. 
. OE is continuously low. (OE = Vz7) 
. Dout is in the same phase of written data of this write cycle. 
. Dout is the read data of next address. 


. If CS is low during this period, I/O pins are in the output state. The input signals out of phase must not be 
applied to I/O Pins. 





Oo I HA 


m LOW Vcc DATA RETENTION CHARACTERISTICS (7, = 0 to +70°C) 
(This characteristics is guaranteed only for L-and L-SL version) 


Symbol Test Conditions | min. | wes] 


Voc = 3.0V, GS 2 2.8V ss 
0 
Note) *1. trc= Read Cycle Time . A 
*2. This characteristic is guaranteed only for L-version, 20u¢A max. at Tg = 0 to 40°C. 


*3. This characteristic is guaranteed only for L-SL version, 3¢A max. at Tg = 0 to 40°C. 





















| max. 
ee 


Voc for Date Retention 




















Data Retention Current ICCDR uA 

















Chip Deselect to Data Retention Time tcDR 


See Retention Waveform 
Operation Recovery Time 








@ Low Vcc Data Retention Waveform 


Vec DATA RETENTION MODE 





2.2V------ —~4---2.2V 
CS2 Vec—0.2V 





OV --- 92 nn ener 
Note) In Data Retention Mode, CS controls the Address, WE, OE, and Din Buffers. Vin for these inputs can be in 
high impedance state in data retention mode. 
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HM62256 Series 





SUPPLY CURRENT vs. SUPPLY VOLTAGE (1) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (1) 


Supply Current Icc (Normalized ) 
Supply Current Icc (Normalized ) 





Supply Voltage Vcc (V) Ambient Temperature Ta ("C) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE (2) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (2) 


Supply Current Icc, (Normalized) 
Supply Current Icc: (Normalized) 





Supply Voltage Vec (V) Ambient Temperature Ta (°C) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE (3) SUPPLY CURRENT vs. AMBIENT TEMPERATURE (3) 


Supply Carrent Icco (Normalized) 
Supply Currest Joc: (Nommalized) 





Supply Voltage Veo (V) Ambient Temperature Ta (’C) 
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HM62256 Series 


ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE 





° i) 
2. 4 
E z 
. 2 
B: 2 
Supply Voltage Vee (V} Ambient Temperature Ta (‘C) 
STANDBY CURRENT vs. SUPPLY VOLTAGE STANDBY CURRENT vs. AMBIENT TEMPERATURE 






2 z 
E E 
3 os) 
2 2 
5 5 
Supply Voltage Voc (V) Ambient Temperature Ta (’C) 
SUPPLY CURRENT vs. FREQUENCY (READ) SUPPLY CURRENT vs. FREQUENCY (WRITE) 


12 
150ns -120ns =100ns = 85ns 


s 

a 2 
cane ae 
A 


50ns 120ns 100ne 85ns 
1.0 


‘a= 25°C 
Ver 6. 


0.4 


Supply Corrent Ice. Iece (Normalized } 
Supply Current Icc:. Icc2 Normalized } 





Frequency f (MHz) Frequency f (MHz) 
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HM62256 Series 


Access Time tea, tacs (Normalized) 


196 


INPUT LOW VOLTAGE vs. SUPPLY VOLTAGE 


Input Low Voltage V;,max ‘Normalized ) 
Input High Voltage Viymin + Normalized: 





Supply Voltage Veo iV? 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 


Output High Current Ion (Normalized) 
Output Low Current Io, (Normalized: 





Output High Voltage Voy (V) 


ACCESS TIME vs. LOAD CAPACITANCE 


1.2 


0.8 


100 200 300 400 500 
Load Capacitance C, (pF) 
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INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 








Supply Voltage Ver ‘Vi 


OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 





Output Low Voltage Vo. (V) 
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HM62832/HM62832H | 
8-Bit CMOS Static RAM 


32768-WORD x 8-BIT HIGH SPEED CMOS STATIC RAM 


@ FEATURES 


¢ High speed: Fast Access time 25/35/45 ns (max.) 


HM62832—Low power 
Standby: 10 nW (typical) (L-version) 
Active: 300 mW (typical) 
HM62832H—Low power 


Standby: 300 mW (typical) 
Active: 30 »W (typical) (L-version) 


(DP-28NA) 


© Single 5V supply 


¢ Completely static memory 
No clock or timing strobe required 


¢ Equal access and cycle times 
¢ Common data input and output—Three stage output 
¢ Directly TTL compatible—All inputs and outputs 


@ ORDERING INFORMATION 








Package 





HM62832P-35 Top View 


HM62832P-45 


HM62832LP-35 
HM62832LP-45 






300 mil 28-pin 
Plastic DIP 












HM62832JP-35 
HM62832JP-45 300 mil 28-pin 
HM62832LJP-35 Plastic SOJ 


HM62832LIJP-45 


HM62832HP-25 
HM62832HP-35 
HM62832HP-45 


HM62832HJP-25 
HM62832HJP-35 
HM62832HJP-45 











300 mil 28-pin 
Plastic DIP 
(DP-28NA) 


300 mil 28-pin 
Plastic SOJ 
(CP-28DN) 













@ PIN DESCRIPTION 







Function 
Address 





Pin Name 


Input/Output 
Chip Select 
Write Enable 
Output Enable 
Power Supply 
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HM62832/HM62832H 


m@ BLOCK DIAGRAM 


Memory Array 


512X512 


Column VO 


Y Address Buffer 


AO Al A2 A3 A10 A3 A4 





@ ABSOLUTE MAXIMUM RATINGS 


Voltage on any Pin Relative to Vss -0.5"! to + 7.0 Vv 
Storage Temperature Under Bias °C 


NOTE: 1. -2.5 V for pulse width = 10 ns 


@ FUNCTION TABLE 










lc | owe 

L ae 
Write 

| ke | me 


Ref. Cycle 









Read Cycle!) to G) 
Write Cycle!) 
Write Cycle) 
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HM62832/HM62832H 


@ DC CHARACTERISTICS for HM62832 (Ta = 0 to +70°C, Voc = 5V + 10%, Vss = OV) 


¢ CS = Vy or OF = Vy 
Output Leakage Current lTILol or WE = Viz, 
Vyo = Vss to Voc 
Min. cycle, duty = 100%, 
Average Operating Power mae os ay * 


120 


CS = Vi, 


Supply Current 


Cs = Vec - 0.2V, 
OV <V,, < 0.2 V, L-version 
or Vin, 2 Veco - 0.2 V 


V [i= tma 
Vigna 


Standby Vec Current 





4 


s 
S 


mw = 
N 
> 


So w 


Output Voltage 


ee ee 


Vou 


NOTE: 1. Typical values are at Vcc = 5.0 V, Ta = +25°C and specified loading. 


m@ DC CHARACTERISTICS for HM62832H (Ta = 0 to +70°C, Vcc = 5V + 10%, Vss = OV) 


mi 


cs = Viq or OE = Vin 
or WE = Vi» 
Vio = Vss to Vec 


Parameter Symbol 
Input Leakage Current 


Output Leakage Current lILol = 


Saree + * Pe 


Min. cycle, duty = 100%, 
CS = Vi, 
Ivo =0OmA 


Operating Power Supply Current Icc 


Standby Power Supply Current 


| tse | 
Standby Power Supply Current a= 
| = | eo | or 
Ca 
| 24 | 


CS = Vcc - 0.2V, 
OV < Vi, = 0.2 V, 
or Vins = Vec - 0.2 V L-version 


Output Voltage 
Vou 





NOTE: |. Typical values are at Vcc = 5.0 V, Ta = +25°C and specified loading. 


@ CAPACITANCE (T, = 25°C, f = 1MHz) 


Parameter 


Input Capacitance 





Input/Output Capacitance 


NOTE: 1. This parameter is sampled and not 100% tested. 
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HM62832/HM62832H 
W@ AC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5 V = 10%, unless otherwise noted.) 


Test Conditions 
© Input pulse levels: 0.0 V to 3.0 V ¢ Input and output timing reference levels: 1.5 V 
¢ Input rise and fall times: 5 ns © Output load: See Figures 


Output Load (A) Output Load (B) 
(for teiz, torz» ‘cuz: tonz> twHz & tow) 


+5 V +5 V 
480 


30 pF * 





NOTE:  *Including scope & jig. 


@ Read Cycle 


Pacanieice symbol HM62832H-35 HM62832H-45 Unit 
[min [Mex [Min [Max | Min | Mew 
Output Enable to Output Valid | we | -~ | 2 | - [| 6 [ -— | 2 | ns 
Output Hold From Address Change | tw | 5 | —- | s [ = | s | = | ns 
Chip Selection to Output in Low-Z ltaz | s |.—- | s [ — | 5s | - | ns 
Output Enable to Output in Low-Z Gelert ee 
Chip Deselection to Output in High-Z toyz Pty ae Oe i Sie adh od oil Age | ns 
Output Disable to Output in High-Z | tne | oF | 2 | 0 | 6 | 0 | & | os 








Read Cycle Timing (1) *1 


Address 


al 






CamL-7 
a MZZZ. 
Dout CX K  Datavalid = [XXX | NOTES:  *1. WEis high for read cycle. 





*2. Device is continuously selected, CS = Vit. 
*3. Address should be valid prior to or coincident with CS transition low. 
*4. OE = Vit. 
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HM62832/HM62832H 


@ Write Cycle 


| Min. | Max. | Min. | Max. | Min. | Max. | 
Chip Selection to End of Write | tw | 2 | — | 3 | — | @ | — [ os 
Address Valid to End of Write | tw | 2 | — | 3 [| — [| 4 | -— | o 
re use Wi fea a a (ee 
Data to Write Time Overlap tpw } 2 | - | 5s | = | » | - | ns 
Data Hold from Write Time | tm | o | - [ o | -— | o [| - | os 
Output Disable to Output in High-Z | tw | o | 2 | o [| wb | 0 | 2w | ns 
Output Active From End of Write | tw | s | - | 5s | - | 5 [| = | 2 


Write Cycle Timing (1) (OE Clock) 


twe 






Din CCK CK XX 





Address 

cs 

WE 

Dut 2222220292022 
Din 


NOTES: *1. A write occurs during the overlap (twp) of a low CS and a low WE. 
*2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
*3. During this period, I/O pins are in the output state. The input signals out of phase must not be applied. 
*4. If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, outputs remain in a high impedance state. 
*5. OE is continuously low. (OE = VL). 
*6. Dout is in the same phase of written data of this write cycle. 
*7. Dout is the read data of next address. 
*8. If CS is low during this period, 1/O pins are in the output state. The input signals out of phase must not be applied to I/O pins. 
*9, WE must be high during all address transitions except when device is deselected with CS. 


@ HITACHI 
Hitachi America, Ltd. © Hitachi Plaza « 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 © (415) 589-8300 201 


HM62832/HM62832H 


@ Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 
This characteristics is guaranteed only for L-version 





Parameter Test Conditions 








Vcc for Data Retention 
CS = Voc - 0.2 V, 
Vin 2 Vcc ~0.2 Vor 
OV <V;,, 5 0.2V 


Data Retention Current 


Chip Deselect to Data Retention Time 





Operation Recovery Time 


NOTES: ‘+1. trc = read cycle time. 
*2. Vcc = 3.0V. 


Low Vcc Data Retention Timing Waveform 


Data retention mode 





@ PACKAGE DIMENSIONS Unit: mm (inch) 


HM62832HP Series HM62832HIP Series 
(DP-28NA) (CP-28DN) 
HM62832P/HP HM62832JP/HJP 


2.4 gs 
36.0(1.417) 7 (0.09459 31) 
37.32nax.(1.470max.) 18.54(0.73)max 0.63(0.025) MIN 





6.60 
(0.260) 
7.3max. 

(0.287max.) 


Bla 
si/2 
“lo 
Ss} 4 
| 2 
sya 


(0.440+0.005) 
9.4+0.25 
{0.370%0.01) 


1,30(0.05 1) 
7.62(0.300) 


$40.26 
1384+0.01) 


SE na Goravoppavoed |: 


(SEATING PLANE) J (L.27(0.050) 


0.4340.10 
(0.017+0.004) 


9 
xe 
K2 
3 
(0 


2.Sdmin. 5.08max. 
{0.100min.) {0.200max.) 


rn 
0.48+0.1 2.54+0.25 
(0.019 + 0.004) (0.100 + 0.010) 
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HM6208/HM6208H Series 
4-Bit CMOS Static RAM 


65536-Word x 4-Bit High Speed CMOS Static RAM 


The Hitachi HM6208 and HM6208H are high speed 256k static 
RAMS organized as 64k-word x 4 bit. They realize high speed 
access time (25/35/45 ns) and low power consumption, employing 
CMOS process technology and high speed circuit designing 
technology. !t is most advantageous wherever high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. 

The HM6208 and HM6208H are packaged in the industry 
standard 300-mil, 24 pin, plastic DIP. The HM6208H is also 
available in a 300-mil, 24 pin, plastic SOJ package for high density 
mounting. The low power versions are ideal for battery backed 
systems. 


Features 

e Single 5 V supply and high density 24-pin package 
e Highspeed: Access time 25/35/45 ns (max.) 

e Low power 


Active: 300 mW (typ.) 
Standby: 100 pW (typ.) 
30 pW (typ.) (L-version) 


¢ Completely static operation requires 
No clock or timing strobe 
e Access and cycle times are equivalent 
¢ All inputs and outputs TTL compatible 
¢ Capability of battery back up operation (L-version) 


Ordering Information 























Type No. Access Time Package 
HM6208P-35 35 ns 
HM6208P-45 45 ns 
HM6208LP-35 35 ns 300-mil 
HM6208LP-45 45 ns 24-pin 
HM6208HP-25 25 ns plastic DIP 
HM6208HP-35 35 ns (DP-24NC) 
HM6208HLP-25 25 ns 
HM6208HLP-35 35 ns 
HM6208HJP-25 25 ns 300-mil 
HM6208HJP-35 35 ns 24-pin 
HM6208HLJP-25 25 ns plastic SOJ 
HM6208HLJP-35 35 ns (CP-24D) 





Pin Description 
Pin Name Function 
AO - A15 Address 
1/O1 — 1/04 Input/Output 























CS Chip select 
WE Write enable 
Vcc Power supply 
Vss Ground 
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(DP-24NC) 


(Top View) 
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HM6208/HM6208H Series 


Block Diagram 







Al Memory Array 
Aa 256 X 1,024 
A3 









Column 1/0 
CC 
Column Decoder 
TTT LEY Eo 
NLA ALLA “LAL 





Input 
Data 
Control 

























Function Table 
Mode Vcc Current 1/0 Pin Ref. Cycle 
H x Not selected Isp, Isai High-Z — 
L H Read Icc Dout Read cycle 
L L Write Icc | Din Write cycle 
Note: xX means don't care. 
Absolute Maximum Ratings 
Item Symbol Value Unit 
Voltage on any pin relative to Vss Vin -0.5"! to +7.0 Vv 
Power dissipation Pr 1.0 W 
Operating temperature range Topr 0 to +70 °C 
Storage temperature range Tstg -55 to +125 °C 
Storage temperature range under bias Tbias —10 to +85 °C 


Note: *1. Vin min = -2.5 V for pulse width < 10 ns. 
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HM6208/HM6208H Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 

















Item Symbol Min Typ Max Unit 
Vec 4.5 5.0 5.5 Vv 
Supply voltage Vss 0 0 0 Vv 
Input high (logic 1) voltage Vin 2.2 — 6.0 Vv 
Input low (logic 0) voltage Vi. 0.5"! = 0.8 V 





Note: *1. ViL min =-2.0 V for pulse width < 10 ns. 


@ DC Characteristics (T,, = 0 to +70°C, Vcc = 5 V + 10%, Vss = 0 V) 








a 




















































Item | Symbol Min. Typ."! [ Max. Unit Test Conditions 
Input Leakage Current i; lu _ _ 2.0 pA Moen Vv 
in = Vss cc 
| Gs = 
Output Leakage Current ILo _ _ al 10.0 pA ee ev 
sas vo = Vss © Vcc 
Operating Power Supply Current | lec _ 60 100 mA Teenie ee 
5 < = 10 
ae | = men 
Standby Power Supply Current Isp _ 15 30 mA le 
CS = Viy. Min. Cycle 
Standby Power Supply Current “H”™ Version Isp _ 20 40 mA 
Standby Power Supply Current Ispy _ 20 2000 pA CS 2 Voc - 0.2 V 
OV <V,, s 0.2 Vor 
Standby Power Supply Current L- Version Ispt _ 6 100 BA | Vin 2 Vee ~0.2V 
Output Low Voltage VoL _ _ 0.4 Vv Io, = 8 mA 














Vou 2.4 —= — Vv Ion = -4.0mA 


Note: *1. Typical limits are at Vcc = 5.0 V, T, = +25°C and specified loading. 


Output High Voltage 





Capacitance (Ta = 25°C, f = 1MHz)"! 


Item Symbol Min Max Unit Test Conditions 
Input capacitance Cin _— 6 pF Vin =0V 
Input/output capacitance Cyo _ 10 pF Vyo=0V 





Note: *1. This parameter is sampled and not 100% tested. 


AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 
Test Conditions 














* Input pulse levels: Vss to 3.0 V ¢ Input and output timing reference levels : 1.5 V 
* Input rise and fall times: 5 ns ¢ Output load: See Figures 
Output Load (A) Output Load (B) 
(for tz, tLz, twz & tow) 
+5V +5V 
480.0 480.2 
Dou Dout 

255 0 30pF ¢ 2559 5eF 0 
Laas 
Note: * Including scope & jig. 
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HM6208/HM6208H Series 


HM6208-35 
HM6208H-25 HM6208-45 
Item Symbol ——— dacioacseidata eons | Unit 


ee eae 
Output Hold From Address Change | tu | 5 | — {[ 5 | = | 5 | = | ns 
Chip Selection to Output in Low-Z Ro Ee eS ee eS ee ns 
Chip Deselection to Output in High-Z | tz | o [| 2 | o | 2 | 0 | 2 | ns 
Chip Selection to Power Up Time 2k Tw esae aes ns 
Chip Deselection to Power Down Time | tw | — {| 3 | -— | 2 | = | 30 | ns 


Note: “1 Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 


Read Cycle 


Read Timing Waveform (1) °°? 








High 
Impedance 


Vee supply 


current 











Notes: *1. WE is high for read cycle. a 
*2. Device is continuously selected, CS = VIL. 
*3. Address valid prior to or coincident with CS transition low. 
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HM6208/HM6208H Series 
































































Write Cycle 
ae symbot | HM6208H-25 hice [ HM6208-45 so 
Min Max Max. Min. Max. 
Write Cycle Time twe 25 _ — =F 45 _— ns 
Chip Selection to End of Write tcw 20 — — = 40 — ns 
Address Valid to End of Write taw 20 _ — 40 — ns 
Address Setup Time tas | 0 — _— ai 0 ~— ns 
Write Pulse Width : twp 20 _ — 35 7 —_ ns 
“H”’ Version | 
Write Recovery Time twr_| 3 — — 3 iz — ns 
Data Valid to End of Write tow 15 = — | 20 = ns 
Data Hold Time tpH T 0 — _— 0 i: — ns 
Write Enabled to Output in High-Z twz"! | 0 8 10 a 0 | 1S ns 
Output Active From End of Write tow | 0 _ ee | 0 — ns 





Note: *] Transition is measured +200 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested. 





Write Timing Waveform (1) (WE Controlled) 








twe 
b= cat 














High Impedance 





Cn ee ee 
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HM6208/HM6208H Series 


Write Timing Waveform (2) (CS Controlled) 





= 
m 


cacao eaeey, 
Se 


tor 


; (ARR 


208 
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HM6208/HM6208H Series 


Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 
These characteristics are guaranteed only for L-version. 




















Item Symbol Min Typ Max Unit Test Conditions 
Vcc for data retention Vopr 2.0 =i = Vv GS >Vec -0.2V, 
Data retention current Iccor _ 1 50 HA Vin > Voc - 0.2 V or 
Chip deselect to data retention time _tcpR 0 _- — ns 0V<Vin<02V 
Operation recovery time IR rol — ns ea te 
Notes: *1. trc= read cycle time. 








*2. Vec = 3.0 V. 


Low Vcc Data Retention Timing Waveform 









Data retention mode 


CS2 Vec—0.2V 
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HM6208/HM6208H Series ———————A_—____________-_ 


@ PACKAGE DIMENSIONS Unit: mm (inch) 


HM6208/HM6208HP Series HM6208HIP Series 
(DP-24NC) (CP-24D) 


29,88(1.176) 
30.48max.(1.200max.) 


2.2042 10 


noooonnonn 
{ 1s 0 004 
COUUUUUUUTO , 1$.63(0.615) (0.08729 fos) 
aie 0.60(0.024) 
2 13 
1.14(0.045) 1.3(0.051) 





7.62 (0.30) 
(0.340+0.005) 


2 


(0.200max.) 


ae 3 sree 
0.48+0.1 2.54+0.25 
{0.019 + 0.004) (0.100 + 0.010) 


T 


0.74(0.029) 


0.10(0.008) | 
(SEATING PLANE) : 
0.43+0.10 1.27{0.050) 


0.01740 ,004) 


(0.020min.) 
254min Lk 
(0.100min.) 5.08max. 
50.26 
13840.01) 


10 
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HMG7O08S Series 


65536-word x 4-bit High Speed Hi-BiCMOS Static RAM 


Features HM6708P 
@ Super Fast Access Time : 20/25ns (max.) 
@ Low Power Dissipation 
Operating: 350mW (typ.) (f = 50MHz) 
@ +5V Single Supply 
® Completely Static Memory 
No Clock or Timing Strobe Required 
@ Balanced Read and Write Cycle Time 
@ Fully TTL Compatible Input and Output 


(DP-24NC) 
HM6708 JP 
Ordering Information 
Type No. Access Time Package 

HM6708P-20 20ns 300mil 24 pin 

HM6708P-25 25ns Plastic DIP 

HM6708JP-20 20ns 300 mil 

HM6708JP-25 25ns 24 pin SOJ 
Block Diagram (CP-24D) 


Memory Matrix 


256 X 1024 


Column I/O 


Column Decoder 


Bae 


1 
2 
3 
4 
5 
6 
7 
8 
9 


—_— 
no =—= & 


(Top View) 





Note) The specifications of this device are subject to change without notice. 
Please contact Hitachi’s Sales Dept. regarding specifications. 
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HM6708 Series 


Absolute Maximum Ratings 


Item - Symbol Rating Unit 
Terminal Voltage to Vgg Pin Vr —0.5 to +7.0 V 
Power Dissipation Pr 1.0 Ww 
Operating Temperature Range Topr 0 to +70 °C 


Storage Temperature Range (with bias) Tstg¢pias) —10to+85 °C 
Storage Temperature Range Tstg ~55to+125 °C 


Recommended DC Operating Conditions (7, = 0 to +70°C) 














Item Symbol min. typ. max. Unit 
Veco 45 5.0 5.5 Vv 
Supply Voltage 
Vgs 0 0 0 Vv 
V, 2.2 - 6.0 Vv 
Input Voltage bea 
Vir -0.5*! - 0.8 Vv 
Note) *1. —3.0 V for pulse width 20ns, 
Function Table 
Cs WE Mode Voc Current 1/0 Pin Ref, Cycle 
H x Not selected Tgp, [s31 High Z - 
L H Read Ico Iec1 Data Out Read Cycle 
L L Write Ico loci Data In Write Cycle 
DC and Operating Characteristics (Vcc = 5 V +10%, Tg = 0 to +70°C) 
Item Symbol min. typ. max. Unit Test Conditions 
Input Leakage Current Wz! - - 2 uA Veco = 5.5V, Vin = Vss to Veco 
Output Leakage Current Zro! - - 10 uA CS = Viz, Vio = Vg to Voc 
Operating Power Supply Current I¢c¢ - - 100 mA CS = Vir, Trio = 9 mA 
Average Operating Current Tec1 - - 120 mA Min. Cycle, Duty: 100%, I7;9 = O0mA 
Tsp = - 30 mA CS = Vig, Vin = Vig Ot Vi, 
Standby Power Supply Current 23 
TsB1 = = 10 mA CS = Vee O2Y 
VIN 20.2 Vor VIN 2 Voc—0.2V 
Output Low Voltage Vou - - 04 #V To, =8mA 
Output High Voltage Von 2.4 = - Vv Ton = —4mA 
@ HITACHI 
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HM6708 Series 


Capacitance (7, = 25°C, f= 1 MHz) 


‘Item Symbol max. Unit Test Conditions 
Input Capacitance CIN 6.0 pF Vin=0V 
Input/Output Capacitance Cro 10.0 pF Vio =0V 


Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Voc = 5 V +10%, Tg = 0 to +70°C, unless otherwise noted) 


AC Test Conditions 

@ Input pulse levels : Ves to 3.0 V 
Input timing reference levels : 1.5 V 
Output Load : See Figure 

Input rise and fall times : 4 ns 
Output reference levels : 1.5 V 


Output Output 


255Q 255Q 
* including 
scope and jig 


Output Load A Output Load B 
(for tryz, trz, twz, & tow) 























Read Cycle 
08-2 HM6708-2 
Item Symbol ; EM! ; : 2 Unit Notes 
min. max, min. max. 

Read Cycle Time tro 20 - 25 - ns - 
Address Access Time taAa - 20 - 25 ns - 
Chip Select Access Time tacs ~ 20 - 25 ns - 
Output Hold from Address Change ton 5 - 5 _ ns - 
Chip Selection to OutputinLowZ = tyz 0 - 0 - ns 1,2 
Chip Deselection to Output 

in High Z tygz 0 8 0 10 ns 1,2 





Note) 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 
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é) 





HM6708 Series 


Read Cycle-1*! #2 





Read Cycle-2*!-*? 


Data Out 


g 
Impedance 





Notes) #1. WE is High for Read cycle. 
«2. Device is continuously selected, CS = V; 
*3. Address valid prior to or coincident with CS transition low. 








Write Cycle 
Item Symbol a SOE ee Unit Notes 
. min. max. min. max. 

Write Cycle Time twe 20 - 25 _ ns 2 
Chip Selection to End of Write tow 15 - 20 - ns - 
Address Valid to End of Write taw 15 - 20 - ns - 
Address Setup Time tas 0 - 0 - ns - 
Write Pulse Width twp 15 - 20 - ns - 
Write Recovery Time twr 3 - 3 - ns = 
Data Valid to End of Write tow 12 - 15 - ns - 
Data Hold Time . toy 0 - 0 - ns - 
Write Enable to Output in High Z twz 0 8 0 10 ns 3,4 
Output Active from End of Write tow 0 - 0 - ns 3,4 


Note) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2, All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested, 
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HM6708 Series 


Write Cycle-1 (WE Controlled) 


Address 


ALLLNVLLLL 


taw —————> 


“wh twp+l = | 


Data In Lele (Data Valid| Valid] > a 


_twz*3, tow * ton *6 


Data Ou. LAA LILI LIL ON High Impedance 
LANA ANALAAAAL YL S/S 
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HM6708 Series 


Write Cycle-2 (CS Controlled) 


Address 


SN 77707777 


ban» SXKXNKKNKRRK me ae YRKKKENS 


High Impedance *4 


Data Out 





Note) *1. A write occurs during the overlap of a low CS and a low WE. (twp) 

*2. twp is measured from the earlier of CS or WE going high to the end of write cycle. 

+3, During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs 
must not be applied. == tua 

+4, If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the 
output buffers remain in a high impedance state. 

+5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase 
to the outputs must not be applied to them. 

‘*6. Output is the same phase of write data of this write cycle. 
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HM6708A Series — product Preview 


65536-Word x 4-Bit High Speed Static RAM 


@ FEATURES 
e Super Fast 

ACCESS: TIMG 333s cc cee aie ea ee Sa 15/20/25ns (max.) 
e Low Power Dissipation ...............0000 0 eee 400mW (typ.) 


e¢ +5V Single Supply 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
¢ Fully TTL Compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 


15ns 
20ns 
25ns 


15ns 
20ns 
25ns 










Package 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 








HM6708AP-15 
HM6708AP-20 
HM6708AP-25 


HM6708AJP- 15 
HM6708AJP-20 
HM6708AJP-25 















m@ BLOCK DIAGRAM 










Memory Matrix 
256 X 1024 


Row 
Ns-] Decoder 






010 Column I/O 
O20 Column Decoder 
1/03 © Ra RAR AR ARR RR 





© HITACHI 


(DP-24NC) 


& 


(CP-24D) 





m@ PIN ARRANGEMENT 


CAN OA WN = 





(Top View) 
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HM6708A Series 
@ ABSOLUTE MAXIMUM RATINGS 


lem Unit 
Terminal Voltage to Vgg Pin Vv 
Power Dissipation W 
Operating Temperature Range °C 
Storage Temperature Range (with bias) °C 
Storage Temperature Range °C 


@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 





Item Unit 
Vv 
Supply Voltage Vv 
Input High (Logic 1) Voltage Vv 
Input Low (Logic 0) Voltage Vv 


*Pulse width <= 1Sns, DC: -0.5V 







@ TRUTH TABLE 


WE 
Not Selected 
L oe Se 


m@ DC AND OPERATING CHARACTERISTICS (Vcc = SV + 10%, T, = 0°C to 70°C, Vss = OV) 


item [Symbol] Test Condition | Min. | Typ. | Max. | Unk 
Input Leakage Current | Itul_| Voc = 5.5V, Vin = VsstoVec | — | = | 2 | 
Output Leakage Current CS = Vin, Vio = Vss to Voc | — | — |[ 10 | 
Operating Power Supply Current | Icc [CS=Vinluo=OmA | — | — | 100 | 


Average Operating Current Min. Cycle, Duty: 100%, Io = OmA 
CS = Vin, Vin = Vin oF Viz 


ion ea 
| Isp | fs 
Standby Power Supply Current CS = Vcc - 0.2V 
ea Vin $ 0.2V or Vin = Voc - 0.2V )-]- | 0) 
ee 
poe 













Ref. Cycle 






Read Cycle (1) (2) 
Write Cycle (1) (2) 









Output Low Voltage 
Output High Voge 


@ AC TEST CONDITIONS 


® Input Pulse Levels: Vgg to 3.0V ¢ Input Rise and Fall Times: 4ns 
¢ Input Timing Reference Levels: 1.5V © Output Load: See Figure 
¢ Output Reference Levels: 1.5V 


+5 V 
4800 


+5 V 
4800 


5 pF * 


30 pF * 


Output Load B 
Output Load A (for tyz, tLz, twz & tow) 





*Including scope and jig capacitance. 
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HM6708A Series 


@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 














[ Symbot [Test Conditions [Max | 
ee 
Vio= ov | 00 | 


Input Capacitance 









Output Capacitance 
NOTE: This parameter is sampled and not 100% tested. 





@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 
¢ Read Cycle 


HM6708A-15 | HM6708A-20 | HM6708A-25 . 
Item Symbol Unit | Notes 


Min. [ Max. | Min. | Max. | 
Read Cycle Time Pee ee oe 
Address Access Time tsa | — | 5 | 

Chip Select Access Time | tacs | — | 15 | 

Output Hold from Address Change I tou he fee | 
Chip Selection to Output in Low Z | tz | 3 | — | 
Chip Deselection to Output in High Z tyz | o | 6 | 


NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 





© Write Cycle 


Item Shull, Unit | Notes 
| Min. | Max. | Min. [| Max. | Min. | Max. 
Write Cycle Time A a 
Chip Selection to End of Write | tw | to | — | 56 | — | 20 | — | ns | — 
[Address Valid to End of Write mak aes eee ses Se 
Address Setup Time ee a el 
Write Pulse Width ee a a 
Write Recovery Time ag a 
Data Valid to End of Write po oe es ee eae Ne 
Data Hold Time om a ee Ce 
Write Enable to Output in High Z twz | o | 6 | o | 8 {| 0 | 100 | ns | 2,3 
Output Active from End of Write | tw | o | — | o | — | o | — | ns | 2,3 
NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. Transition is measured +: 200mV from steady state voltage with specified loading in Load B. 
3. This parameter is sampled and not 100% tested. 
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HM6708A Series 





@ TIMING WAVEFORM 
° Read Cycle (1) (1) (2) 


Address 


Data Out Previous Data V 








Data Valid 


Data Out 


High Impedance High 


Impedance 


NOTES: 1. WE is High for READ cycle. 
2. Device is continuously selected, CS = Vin. 
3. Address valid prior to or coincident with CS transition low. 
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HM6708A Series 
¢ Write Cycle (1) (WE Controlled) 





















twe 
on = 


Ne 
" OOK ova > 


twz (3 


| 








ZVIVIAINI ZZ 
AAYANMYINA 


FIVTIZZLZZL CL LLL LN High Impedance 
Dout WASSER REY, 


¢ Write Cycle (2) (CS Controlled) 


two 


Address a 


: i, a 
CS 


We SS SS YI 


WIVVVVVVVYVVVYVVVV VVIVVYVVVV 
Datain = XXXXKXAAAAAAAAY CY 


High Impedance (2) 
Dout 


NOTES: 1. A write occurs during the overlap of a low CS and a low WE (twp). 
2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 


3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 


4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 


5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the 
outputs must not be applied to them. 


6. Output data is the same phase of write data of this write cycle. 
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HM6709 Series — Preliminary 


65536-Word x 4-Bit High Speed Static RAM (with OE) 
@ FEATURES 
¢ Super Fast 


ACCESS TIME 5.0 eves ban hs ee ena eee ee 20/25ns (max.) 
e Fast OE 

Access Time vi s2.ciheeew is cede een ewes ' 10ns (max.) 
e Low Power Dissipation ...................000. 350mW (typ.) 


e +5V Single Supply 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
© Balanced Read and Write Cycle Time 
e Fully TTL Compatible Input and Output 
e 300 mil 28 pin SOU 


m@ ORDERING INFORMATION 


HM6709JP-20 20ns 300 mil 28 pin 


Plastic SOJ 
HM6709JP-25 25ns (CP-28DN) 





@ BLOCK DIAGRAM 






As 

A; —0Vec 
Ao —OVss 
A3 Memory Matrix 

Ag 256 X 1024 





Column I/O 
Column Decoder 
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(CP-28DN) 


m@ PIN ARRANGEMENT 


oOnnNoanrnroaonrd = 


(Top View) 





HM6709 Series 


@ ABSOLUTE MAXIMUM RATINGS 


lem Uni 
Terminal Voltage to Vgs Pin Vv 
Power Dissipation W 
Operating Temperature Range °C 
Storage Temperature Range (with bias) 2€ 
Storage Temperature Range a 


m@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 


Trem | | 
43 Vv 
[00 [00 |v 
Input High Voltage : rf — | 60 | Vv 
Input Low Voltage ma CO 


*Pulse width: 20ns, DC: -0.5V 


Supply Voltage 


@ TRUTH TABLE 


OE | WE Veg Curren 
HlorL Not Selected 





PH | Output Disable 
Hl 


E 
r 
| oH 








em Symbol] Test Condition | Min. | Typ. | Max. | Unit 
Input Leakage Current iil | Voc = 5.5V, Vin = Vss to Voc fF — | — | 2 | wA 
CS = Vjy or OF = Vy, WE = V 
Output Leakage Current I TH Sia my 10 A 
i : | Ho Vio = Vss to Vec : 
Operating Power Supply Current CS = Vy, Ivo = OMA | — | — | 100 | mA 
Average Operating Current Min. Cycle, Duty: 100%, Io = OmA | — | — | 20 | mA 
CS = Vin» Vin = Vin of Vit | — | — | 30 | ma 
Standby Power Supply Current CS = Vcc - 0.2V : 
Isp1 | Vay < 0.2V or Vin = Voc -0.2V od Pee 
Output Low Voltage re a ee Ol 
Output High Voltage lon = -4mA 24] -|—-— |v 
@ AC TEST CONDITIONS 
¢ Input Pulse Levels: Vgg to 3.0V © Input Rise and Fall Time: 4ns 
¢ Input and Output Reference Levels: 1.5V © Output Load: See Figure 


+5V +5 V 
4800 Dout 4800 


30 pF * 2552 5 pF . 


Output Load B 
Output Load A (for tyz, t_z, tonz: toiz, twz & tow) 


*Including scope and jig capacitance. 
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HM6709 Series 
@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 


Test Conditions 
Input Capacitance Vin = OV 
Input/Output Capacitance Vio = OV 
NOTE: This parameter is sampled and not 100% tested. 













< 
se 


- 
Ss 






— 





@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 


¢ Read Cycle 
a = — 
| Min. | Max. | | Min. | Max. | 

Read Cyele Time st tS fp 
Address Acoess Time Fel a a 
Chip Select Access Time | tacs | — | 20 | — | 25 | os | _—. 
Chip Selection to Output in Low Z | tz | o | — | o [| — | os | 1,2 
Output Enable to Output Valid | toe | o | 0 | 0 [| 00 | os | — 
Output Enable to Output in Low Z ltoz | oO | — | o | — | os | 1,2 
Chip Deselection to Output in High Z | ta | o | 8 | 0 | 10 | os | 1,2 
Output Hold from Address Change | tw | 5 | — | 5 | — [ os | — 

NOTES: 1. This parameter is sampled and not 100% tested. 

2. Transition is measured +200mV from steady state voltage with specified loading is Load B. 
e Write Cycle 
= oe 
| Min. | Max. | Min. | Max. | 

Write Cycle Time twc ee ee ee ee ee | 
Chip Selection to End of Write | tw | 6b | — | 20 | — | om | — 
Address Setup Time eS A 
Address Valid to End of Write taw | 5 | — | 20 | — | os | _— 
Write Pulse With eel eC PT 
Write Recovery Time twr | 3 { — | 3 | — | os | — 
Write to Output in High Z we | 0 1.8 | 0 |» | os | 2.3 
Data Valid to End of Write | tw | 2 | — | 6 | — | os | ~ 
Data Hold Tie eT 
Output Disable to Output in High Z tonz | o | 8 | o | 0 | os | 2,3 
Output Active from End of Write | tw | o | — | o | — | ns | 2,3 


NOTES: 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. This parameter is sampled and not 100% tested. 
3. Transition is measured + 200mV from steady state voltage with specified loading in Load B. 
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HM6709 Series 


@ TIMING WAVEFORM 
e Read Cycle (1) (1) 


trc 


Address 


OE SSSSSSs SSX an aa 


2 SSL eee 
Data Out CK Data valid KX 


High Impedance 





° Read Cycle (2) (1) (2) (3) 


Address 


Data Out 





NOTES: 1. WE = Vin 
2. CS = Vit 
3. OE = ViL 
4. Address valid prior to or coincident with CS transition low. 
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~~ Data Out 


HM6709 Series 


© Write Cycle (1) (OE = H, WE Controlled) 


twe 
= Ws aaa 


ue | bag =. 


\ t t 
VIVVVVVVVVVYVVVVV VVVVVVV 
Datain = XXXXXXXXKAAKAAAA VECCCCee 


High Impedance 


¢ Write Cycle (2) (OE = H, CS Controlled) 


twe 





Address 


e — — RY . 
. 


Data In XXX X) 


YY YYYYVYVY VY VV VY YYVYVYVVVYV\ 
KKK? XX 


High Impedance 





Data Out 
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HM6709 Series 


¢ Write Cycle (3) (OE = Clocked, WE Controlled) 


two 


Address 


OE i 
i en iia 


CS a meen noma 


WE 


eS (2) 





High Impedance 
Data Out g P 


us eared fs Impedance 


High Impedance 
a eee (a 


¢ Write Cycle (4) (OE = Clocked, CS Controlled) 





FE I DFEaLLEXE 
QW. 
cat OK panes XD 


High Impedance 
Data Out 
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HM6709 Series 
° Write Cycle (5) (OE = L, WE Controlled) 


t 


4 


Address | 


fae = AWS ee 


- Sexqp 


aE 
SSS ae C2 KXX 





Data Out 


tow 
Ps) High Impedance 
Data In High Impedance <¥ Data Valid SS 


¢ Write Cycle (6) (OE = L, CS Controlled) 


ty 





Address 


_ es 
. Ree ae ee 

° _ eee | 

- ae ta los! 

WE SS TFPeEZZZEZIZ 


High Impedance 
Data Out Cc > Al 
tpw tbH 


| aaa ital 
Data in. on mperance CK Patavalid  KXXXXXXXK 


NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 


2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 


3. Output data is the same phase of write data of this write cycle. 
4. If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 


5. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. 


6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 
high impedance state. 
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H M6709A Se ries — Product Preview 


65536-Word x 4-Bit High Speed Static RAM (with OE) 


@ FEATURES 
e Super Fast 


ACCESS TIMO iicaceh ieee eeeee vanes bas 15/20/25ns (max.) 
e Fast OE 

ACCeSS LIMO. 40.4 8 seSome draw aie beens 8/10/10ns (max.) 
© Low Power Dissipation .................--.005 400mW (typ.) 


e +5V Single Supply 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
e Fully TTL Compatible Input and Output 


@ ORDERING INFORMATION 


Access Time 


15ns 
20ns 
25ns 


15ns 
20ns 
25ns 









Package 


300 mil 28 pin 
Plastic DIP 
(DP-28N) 


300 mil 28 pin 
Plastic SOJ 
(CP-28DN) 








HM6709AP- 15 
HM6709AP-20 
HM6709AP-25 


HM6709AJP-15 
HM6709AJP-20 
HM6709AJP-25 

















@ BLOCK DIAGRAM 


A2 
Ag —0Vec 
Ag —OVss 


Memory Matrix 
256 X 1024 





Column I/O 


Column Decoder 
ARP RRR RRARAR ARR 
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(DP-28N) 





(CP-28DN) 


@ PIN ARRANGEMENT 


OMAN OTR WOHD = 





(Top View) 


229 





HM6709A Series 
@ ABSOLUTE MAXIMUM RATINGS 


fem 
Terminal Volage to Vss Pin 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range (with bias) 
Storage Temperature Range 


@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, =< 70°C) 








Supply Voltage 






Input High Voltage 
Input Low Voltage 
*Pulse width: 15ns, DC: -0.5V 


@ TRUTH TABLE 


{10 Pin 
Not Selected High Z 
Output Disabled High Z 


ieesieet 


@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C) 





fem Symbol 
Input Leakage Current Vec = 5.5V, Vin = Vss to Vec 
CS = Viq or OE = Vyq or WE = V 
Output Leakage Current IH IH IL 
. | tol Vyo = Vss to Voc 


Operating Power Supply Current CS = Vi; Ivo = OmA | — | 
Average Operating Current Min. Cycle, Duty: 100%, Ivo = OmA | — | 
sp_| CS = = Lae 


I 


CS = Vin, Vin = Vin or Vin 


CS = Vec -0.2V 
Vin < 0.2V or VIN 2 Vcc -0.2V 


Standby Power Supply Current 


Output Low Voltage Vor 
Output High Voltage Vor 


@ AC TEST CONDITIONS 


* Input Pulse Levels: Vg to 3.0V ¢ Input Rise and Fall Time: 4ns 
* Input and Output Reference Levels: 1.5V © Output Load: See Figure 


cE 
ae 
Lime 
Ss 
= 
reed 


+5V +5V 
4800 peut 4800 


30 pF * 2550 5 pF * 


Output Load B 
Output Load A (for tyz, tz, tonz> toLz> twz & tow) 


*Including scope and jig capacitance. 
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M 
1 


Unit 


°C 
°C 
°C 


ax. 
Z 
0 


I 


oO wir 


HM6709A Series 


W@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 


Symbol Test Conditions 


Input Capacitance 
Input/Output Capacitance 
NOTE: This parameter is sampled and not 100% tested. 





m@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 
¢ Read Cycle 


se 
= 
a 
3 
S 
a 
a 
ae) 
= 
a 
3 
> 
S 
> 
Nw 
° 
an) 
= 
en 
~J] 
r= 
Ne) 
> 
R 


Item Symbol Unit | Notes 
| Min. | Max Max 
Read Cycle Time — 
Address Access Time taa =a = 
Chip Select Access Time | tacs | —_| = 
Chip Selection to Output in Low Z tLz 


Output Enable to Output Valid | top | 0 | 
Output Enable to Output in Low Z 
Chip Deselection to Output in High Z tuz 
Output Hold from Address Change ton 


NOTES: 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 


ori iserg 
NIN 


PrP eel 
SCSceO 
BEoHcC0 
Peet 
FA 
Sosa 900008 
| of 

N 


le 





e Write Cycle 


Item 


Shae 
rmbol Twin. | Max. | Min. | Max. | Min. | Max. | 
Write Cycle Time Estas Be 020 Iie a8 | ed 
Chip Selection to End of Write | tw | 0 | — | 6 {[ — [ 2 | — [ ns | — 
Address Setup Time Emig Oo Mest 0 ae Wes), aac 
Address Valid to End of Write | tw | | — | 5 | — [| 2 | — [ ns | — 
Write Pulse Width a ee ae 
Write Recovery Time ee ee eee ae 
Write to Output in High Z Fwz | o | 6 | o | 8 | 0 | 0 | m | 23 
Data Valid wo End of Write Pees a Boose ie tea me 
Data Hold Time Gn la 
Output Disable to Output inHighZ | topz | 0 | 6 | 0 | 8 | O | 10 | ns | 2,3 
Output Active from End of Write | tw | o | — {| o | — | o | — | ons | 2,3 


NOTES: _ 1. All write cycle timings are referenced from the last valid address to the first transitioning address. 
2. This parameter is sampled and not 100% tested. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6709A Series 


@ TIMING WAVEFORM 
¢ Read Cycle (1) (1) 


trc 
Adress a 


OC Sn. 4 QMMLLLLLL 2 


wt * ml pez 


aS 
teirz 


xO nae 


Palau High Impedance 


e Read Cycle (2) (1) (2) (3) 


Address 





Data Out 


¢ Read Cycle (3) (1) (3) (4) 


CS 





AA Data Valid 





Data Out High Impedance 


NOTES: 1. WE = Vin 
2. CS = Vu. 
3. OE = Vin. 
4. Address valid prior to or coincident with CS transition low. 
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HM6709A Series 


e Write Cycle (1) (OE = H, WE Controlled) 


two 
Address eS 


_ ren ee 
i WS, 


VYVYVYYVVYVYVYVYYVSY VY VY VVVVVY 
Datain  XXXXXXKXAAAAAAYYD XK 


High Impedance 
Data Out 





¢ Write Cycle (2) (OE = H, CS Controlled) 


Address 
a 


twp 


SSS LL 
VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV, VY Y/Y 
Data In OOOO KKK > KKK 


High Impedance 








Data Out 
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HM6709A Series 


e Write Cycle (3) (OE = Clocked, WE Controlled) 


Address 


S WW °v007~a MWLLLLLLLLLLLL2 
Sf ee 

— ee 

WE iN Mk 


High Impedance 
. Data Out eee 
tou 


High Impedanc 
y, 9 p 


eS eee 
High impedance XY WV VY 
XA AK 


twco 


Data In 


¢ Write Cycle (4) (OE = Clocked, CS Controlled) 





__ twe (1) 


WE SS OS CO OEMPMLYX&<“<XL”IZZ” 
tow DH 
Data In X K _—iDataValid x 


High impedance 
Data Out 
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HM6709A Series 


e Write Cycle (5) (OE = L, WE Controlled) 


Address 


eel 
Data ut >>> >>> —— $——K_) KKK 


DW toH 


High Impedance NY, ; NIX. (5) High Impedance 
Data In Cx Data Valid yy, 


¢ Write Cycle (6) (OE = L, CS Controlled) 














Address 


wi 


a 
aaa 

WE SSDS ELIZ 
Data Out wo») High Impedance 


\ 


tpw tbH 
eed 
High Impedance VW ; YVYYVYYVVV 
Data In CK _Data Valid KXXKKKKKX 


NOTES: 1. A write occurs during the overlap (twp) of a low CS and a low WE. 

. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

. Output data is the same phase of write data of this write cycle. 

If the CS is low transition occurs after the WE low transition, output remain in a high impedance state. 

. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. , 

. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remain in 
high impedance state. 


nN 


an 
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HM6G207 Series—— 


262144-word x 1-bit High Speed CMOS Static RAM 


The Hitachi HM6207 is a high speed 256k static RAM or- 
ganized as 256-kword x 1-bit. It realizes high speed access time 
(35/45 ns) and low power consumption, employing CMOS 
process technology and high speed circuit designing technology. 
It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. The HM6207, packaged in a 300 mil 
plastic DIP, is available for high density mounting. 

Low power version retains the data with battery back up. 





Features 

@ High Speed: Fast Access Time 35/45 ns (max.) 

@ Low Power ; 
Standby: 100 pW (typ.)/30 uW (typ.) (L-version) Pin Arrangement 
Operation: 300 mW (typ.) 

@ Single 5V Supply and High Density 24 Pin Package 

@ Completely Static Memory: 
No Clock or Timing Strobe Required 

@ Equal Access and Cycle Time 

Directly TTL Compatible: All Inputs and Outputs 

@ Capability of Battery Back Up Operation (L-version) 


(DP-24NC) 


Ordering Information 





























Type No. Access Time Package 
HM6207P-35 35 ns 
HM6207P-45 45 ns 
300-mil 24-pin Plastic DIP 
HM6207LP-35 35 ns 
HM6207LP-45 45 ns 
Absolute Maximum Ratings (Top View) 
Item Symbol Rating Unit 
Voltage on Any Pin Relative to Vgsg 9 Vr -0.5"1to+7.0 V Pin Description 
“Power Dissipation | | Pr 10 £4W. Pin Name Function 
Operating Temperature Topr 0 to +70 °C AO-Al7 ‘AddteKe 
Storage Temperature Tstg —55 to +125 °C Din Data Input 
Storage Temperature under bias Thias —10 to +85 °C ___Dout ___——Data Output 
Note) *1. -2.5V for pulse width S 10ns. CS a Chip Select 
__WE Write Enable 
Vec Power Supply 
Vss Ground 
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HM6207 Series 


Block Diagram 


Memory Array 
256 X 1,024 


Column I/O 


A14A13 A12A11 A8 A7 A6 AS Al0 AQ 





Function Table 





CS WE Mode Vcc Current Dout Pin Ref. Cycle 
H xX NOT SELECTED Isp, Isp HIGH-Z a 

L H READ Icc Dout READ CYCLE 
L L WRITE Icc HIGH-Z WRITE CYCLE 


Note) X means don’t care. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 











Parameter Symbol min typ max Unit 
Vcc 4.5 5.0 5.5 Vv 
ly Volt 
Supply Voltage Vss 0 0 0 Vv 
Input High (logic 1) Voltage Vin 2.2 —_ 6.0 Vv 
Input Low (logic 0) Voltage Vin 051 0.8 V 


Note) *1. -2.0V for pulse width S 10 ns 


DC and Operating Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vss = OV) 





Parameter Symbol min typ"! max Unit Test Condition 
Input Leakage Current py = . 2.0 uA vce? a 
Vin = Vss to Voc 
Output Leakage Current Hol _ - 10.0 BA ve ves to Voc 
Operating Power Supply Current Icc - 60 100 mA CS= Vit : 
Iout = OmA, min, cycle 
Standby Power Supply Current Isp - 15 30 mA CS = Vi, min. cycle 
- 0.02 2.0 CS Vec=0.2V, 
Standby Power Supply Current (1) Ispi 7.006 2 mA OVE: Vin S$ 0.2V or 
° : VIN 2 Vec-0.2V 
Output Low Voltage VoL ee iz 0.4 Vv loL = 8mA 
Output High Voltage , Vou 2.4 _ - Vv Ion = -4.0mA 


Note) *1. Typical limits are at Vcc = 5.0V, Tg = 25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
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HM6207 Series 


Capacitance (Ta = 25°C, f= 1.0MHz) 











. Parameter Symbol Min Typ Max Unit Conditions 
Input Capacitance Cin - - 6.0 pF Vin = 0V 
Output Capacitance Cout - - 10 pF Vout = 0V 





Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Ta= 0 to 70°C, Voc= 5V + 10%, unless otherwise noted.) 


AC Test Conditions 
@ Input pulse levels: Vggto 3.0V @ Input and Output timing reference levels: 1.5V 
® \nput rise and fall times: Sns @ Output load: See Figures. 


Output Load (A) Output Load (B) 


+5V (for tuz, tiz, twz & tow) 
+5V 


* Including scope & jig. 














Read Cycle 
Parameter Symbol eo OTS I Unit Notes 
min max min max 
Read Cycle Time tRC 35 _ 45 _ ns *1 
Address Access Time t4A - 35 - 45 ns 
Chip Select Access Time tacs - 35 - 4S ns 
Output Hold from Address Change toH 5 - 5 - ns 
Chip Selection to Output in Low Z thz 5 - 5 - ns *2, *3, *7 
Chip Deselection to Output in High Z tHZ 0 30 0 30 ns ¥2,%3,."7 
Chip Selection to Power Up Time tPU 0 _ 0 - ns *7 
Chip Deselection to Power Down Time tpp - 30 - 40 ns *7 
Timing Waveform of Read Cycle No. hi 





Address 


OXY) 
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Timing Waveform of Read Cycle No. 


HM6207 Series 


2°4,%6 














High 
Impedance 
tpp 





Vec supply 





current 





Notes) *1. All Read Cycle timings are referenced from last valid address to the first transitioning address. 
*2. At any given temperature and voltage condition, tz7z max. is less than t7 7 min. both for a given device and from 
device to device. 
*3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
*4. WE is high for READ Cycle. = 
*5. Device is continuously selected, while CS = Vj7;. 
*6. Addresses valid prior to or coincident with transition low. 
*7. This parameter is sampled and not 100% tested. 
Write Cycle 
HM6207-35 HM6207-45 : 
Parameter Symbol - - Unit Notes 
min max min max 
Write Cycle Time twc 35 - 45 - ns *2 
Chip Selection to End of Write tcw 30 - 40 - ns 
Address Valid to End of Write taw 30 - 40 - ns 
Address Setup Time tas 0 _ 0 - ns 
Write Pulse Width twp 25 - 25 = ns 
Write Recovery Time twR 3 - 3 - ns 
Data Valid to End of Write tpw 20 - 20 - ns 
Data Hold Time tpH 0 ~ 0 _ ns 
Write Enable to Output in High Z twz 0 20 0 25 ns *3, *4 
Output Active from End of Write tow 0 - 0 - ns "3,04 
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HM6207 Series 


Timing Waveform of Write Cycle No. 1 (WE Controlled) 





Address 








(Tee 


twz tow 





High Impedance 





Timing Waveform of Write Cycle No. 2 (CS Controlled) 





Address 




















Data in Valid 


Data Undefined 
High Impedance 


Notes) *1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 
*2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
*3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
*4. This parameter is sampled and not 100% tested. 
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HM6207 Series 


Low Vcc Data Retention Characteristics (Ta = 0 to +70°C) 
(This characteristics is guaranteed only for L-version) 


























Parameter Symbol min typ. max. Unit Test Condition 

Vcc for Data Retention VDR 2.0 e z Vv CS 2 2 2 Vcc - 0. av. 
. 2 Vcc- 02 
Data Retention Current IccDR = 2 50°2 uA Oey 2V 
o>? S80 HA OOV SVin S0.2V__ 
Chip Deselect to Data Retention Time tcDR 0 as = ns Gee-retention 
Operation Recovery Time tr tro’! 2 es ns Waveform 
Note) *1. tpco= Read Cycle Time *2. Voec= 3.0V 


Low Vcc Data Retention Waveform 


Data Retention Mode 


CS 2Vec—0.2V 
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HM6207/HM6207H Series 
1-Bit CMOS Static RAM 


262144-Word x 1-Bit High Speed CMOS Static RAM 


The Hitachi HM6207 and HM6207H are high speed 256k 
static RAMs organized as 256-kword x 1-bit. They realize high 
speed access time (25/35/45ns) and low power consumption, 
employing CMOS process technology and high speed circuit 
design technology. It is most advantageous wherever high 
speed and high density memory is required. 

The HM6207 and HM6207H are packaged in the industry 
standard 300-mil, 24-pin plastic DIP. The HM6207H is also 
available in a 300-mil, 25-pin plastic SOJ package for high 
density mounting. The low power versions are ideal for battery 
backed systems. 





Features (DP-24NC) 
¢ Single 5 V supply and high density 24-pin package 
¢ High speed 

Access time: 25/35/45 ns (max.) 
e Low power 

Active: 300 mW (typ.) 

Standby: 100 pW (typ.) 

30 pW (typ.) (L-version) 


¢ Completely static memory requires 
No clock or timing strobe requires 

¢ Equal access and cycle time 

* All inputs and outputs TTL compatible Pin Arrangement 

¢ Capability of battery back up operation (L-version) 


(CP-24D) 





Ordering Information 















































Type No. Access Time Package 
HM6207P-35 35 ns 
HM6207P-45 45 ns __ 300-mil 
HM6207HP-25 25 ns 24-pin 
HM6207HP-35 35 ns plastic DIP 
HM6207HLP-25 25 ns (DP-24NC) 
HM6207HLP-35 35 ns 
HM6207HJP-25 25 ns 300-mil 
HM6207HJP-35 35 ns 24-pin 
HM6207HLJP-25 25 ns plastic SOJ 
HM6207HLJP-35 35 ns (CP-24D) 
Pin Description 
Pin Name Function 
A0-Al7 Address 
Din _ Data input 
Dout Data output 
CS Chip select 
WE Write enable 
__Vec Power supply 
Vss Ground 
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HNM6207/HM6207H Series 


Block Diagram 


Memory Array 
256 X 1,024 


Column 1/0 


Column Decoder 


Al4A13 Al2Al11 A8 A7 A6 AS Al0 AQ 











Function Table 





Mode Vcc Current V/O Pin Ref. Cycle 
H x Not selected Isp, Ispi High-Z — 
L H Read Icc Dout Read cycle 
L L Write Icc High-Z Write cycle 


Note: means don't care. 


Absolute Maximum Ratings 























Item Symbol __ Value Unit 
Voltage on any pin relative to Vss Vin -0.5"! to +7.0 Vv 
Power dissipation Pr 1.0 WwW 
Operating temperature range Topr 0 to +70 °C 
Storage temperature range Tstg -55 to +125 °c 
Storage temperature range under bias Tbias -10 to +85 °C 


Note: *1. Vin min = ~2.5 V for pulse width < 10 ns. 
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HM6207/HM6207H Series 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 


























Item Symbol Min Typ Max Unit 
Supsiy: voles Vcc 45 5.0 5.5 Vv 
Vss 0 0 0 Vv 
Input high (logic 1) voltage Vn 2.2 — 6.0 Vv 
Input low (logic 0) voltage Vi 0.5"! — 0.8 Vv 





Note: *1. Vit min =-2.0 V for pulse width < 10 ns. 


@ DC Characteristics (T, = 0 to +70°C, Vcc = 5 V + 10%, Vsg = 0 V) 
















































































































Item Min. Typ."! Max. Unit Test Conditions 
| Vec = Max. 
Input Leakage Current _ _— 2.0 A co 
p g f Vin = Vss to Vec 
Output Leakage Current _ _ 10.0 pA Co tin 
Vuio = Vss to Vec 
. cs = Vite Ivo =OmA, 
Operating Power Supply Current 60 100 mA Min. Cycie, Duty = 100% 
Standby Power Supply Current IS 30 mA ae 
CS = Vin. Min. Cycle 
Standby Power Supply Current “H” Version _ 20 40 mA 
Standby Power Supply Current (1) 20 2000 pA CS = Vee -0.2V 
OV s V,, = 0.2 V or 
Standby Power Supply Current (1) L-Version 6 100 pA Vin 2 Voc - 0.2V 
Output Low Voltage _ 0.4 Vv Io, = 8mA 
Output High Voltage Ioy = -4.0 mA 
Note: *1. Typical limits are at Vcc = 5.0 V, T, = +25°C and specified loading. 
Capacitance (Ta = 25°C, f = 1MHz)" 
Item Symbol Min Max Unit Test Conditions 
Input capacitance Cin — 6 pF Vin=0V 
Output capacitance Cout — 10 pF Vou = 0 V 
Note: ‘*1. This parameter is sampled and not 100% tested. 
AC Characteristics (Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 
Test Conditions 
¢ Input pulse levels: Vss to 3.0 V + Input and output timing reference levels : 1.5 V 
¢ Input rise and fall times: 5 ns + Output load: See Figures 
Output Load (A) Output Load (B) 
(for tHz, tLz, twz & tow) 
+SV +8V 
480 0 4902 
Dout Dout 
2559 30pF © 2550 5pF # 
Note: * Including scope & jig. 
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HM6207/HM6207H Series 


HM6207-35 
HM6207H-25 HM6207-45 
Item Symbol /_nmecor.s pala Lee Unit 


Read Cycle Time trc | 2 | — | 35 


Address Access Time taa 45 ns 


Read Cycle 





ns 











ees scl 3 
Chip Select Access Time | tacs | — | 25 | 35 45 ns 


Output Hold From Address Change ton 5 5 ns 
Chip Selection to Output in Low-Z tiz"! 5 5 ns 


Chip Deselection to Output in High-Z tyz*! ns 


Chip Selection to Power Up Time tpu _ —_— | — | ns 
Chip Deselection to Power Down Time tpp 15 25 ns 


Note: *! Transition is measured +200 mV from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 





Read Timing Waveform (1) *!:* 








Address 


Dout Data Invalid 











Read Timing Waveform (2) *!” 
[ 














Dout 


High 
Impedance 








Vec supply 


current 








Notes: *1. WE is high for read cycle. =e 
*2. Device is continuously selected, CS = VIL. 
*3. Address valid prior to or coincident with CS transition low. 
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B Write Cycle 





Item 


HM6207/HM6207H Series 








HM6207-35 
HM6207H-25 HM6207H-35 HM6207-45 





Write Cycle Time 





Chip Selection to End of Write 








Address Valid to End of Write 
Address Setup Time 








Write Pulse Width 





Write Recovery Time 











“H” Version 














Data Valid to End of Write 








Data Hold Time 











Write Enabled to Output in High-Z 








Output Active From End of Write 














Note: *1 Transition is measured +200 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested. 





Write Timing Waveform (1) (WE Controlled) 





~—— 


twe 














el 


























cs 
law 
twa 
tas 
twe 
_ 
* LAN 
I\ 
tow Pa eee ton 
. (Tose TD 
twz 
Dout 
High Impedance 
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HM6207/HM6207H Series 


Write Timing Waveform (2) (CS Controlled) 








t 


= we 
tas tow 


ca a 












twe 





ALI TTALLTT LL 


tow 


Din x | Data Valid 
Data Undefined 


Notes: *1. A write occurs during the overlap of a low CS and alow WE. 
*2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 
*3. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain 


in a high impedance state. 
*4, Dout is the same phase of write data of this write cycle, if twr is long enough. 











High Impedance 
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HM6207/HM6207H Series 


Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 
These characteristics are guaranteed only for L-version. 

















Item Symbol Min Typ Max Unit Test Conditions 
Vcc for data retention VpR 2.0 —_ — V asl 

: 7 CS > Vec - 0.2 V, 
Data retention current Tccor —_ 1 50°? wA : 

: SoEDe Vin 2 Vcc - 0.2 V or 
Chip deselect to data retention time tCDR 0 —_ — ns . 
: : - OVsVin¢s0.2V 

Operation recovery time tR Rov ns 





Notes: *1. trc= read cycle time. 
*2. Vec = 3.0 V. 


Low Vcc Data Retention Timing Waveform 





Data retention mode 





CS 2 Vec —0.2V 








E 


@ PACKAGE DIMENSIONS Unit: mm (inch) 








HM6207P/HM6207HP Series HM6207H3JP Series 
(DP-24NC) (CP-24D) 


& 


2.204% 12 
+0 004 
15.63(0.615) (0.087*5 Oo5) 


16. 00max (0.63max) 0.60(0.024) 
13 


29.88(1.176) 
30.48max.(1.200max.) 





(0.280max.) 


4H 
1.14(0.045) 1.3(0.051) 


762 
(0.300) 


7.62 (0.30) 
(0. 340+0.005) 
6.9440.25 
0.273+0.01 


1 12 
0.74(0.029) 


SJ 0.100 .004)| 
(SEATING PLANE) 
tL 1.27(0.050) 
0.43+0.10 


(0.617+0.004) 


Msn Specie 
(0.200max.) 
0.26 


0.5tmin. | 
+ 
(0.13840.01) 


(0.020min.)} 


2.54mi 





in. 


eile sets 
0.48 + 0.1 2.54 + 0.25 
(0.019 + 0.004) {0.100 + 0.010) 


{0.100min.) 5.98max. 
ca 
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HMG7O0O7 Series 


262144-word x 1-bit High Speed Hi-BiCMOS Static RAM 





Features HM6707P 
@ Super Fast Access Time : 20/25ns (max.) 
@ Low Power Dissipation 

Operating: 350mW (typ.) (f = 50MHz) 
@ +5V Single Supply 
® Completely Static Memory 

No Clock or Timing Strobe Required 
@ Balanced Read and Write Cycle Time 
® T i | t 

Fully TTL Compatible Input and Output (DP-24NC) 
Ordering Information HM67071P 

Type No. Access Time Package 
HM6707P-20 20ns 300mil 24 pin 
HM6707P-25 25ns Plastic DIP 
HM6 707 JP-20 20ns 300 mil 
HM6 707JP-25 25ns 24 pin SOJ 
(CP-24D) 

Block Diagram 





Pin Arrangement 


Memory Matrix 


256 X 1024 


ea] 
Column I/O 


own nN DA TO & OB NY = 


Column Decoder 
waw Ww 
y [Ns 


— tm 
Le el 


(Top View) 





Note) The specifications of this device are subject to change without notice. 


Please contact Hitachi’s Sales Dept. regarding specifications. 
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HM6707 Series 


Absolute Maximum Ratings 





Item Symbol Rating Unit 
Terminal Voltage to Vgg Pin Vr —0.5 to +7.0 Vv 
Power Dissipation Pp 10. #4W 
Operating Temperature Range Top, = si(‘i OTC 
Storage Temperature Range (with bias)Tstg(bias) —10to+85 °C 
Storage Temperature Range Tgtg=SSsi«~ SS tO H125. 


Recommended DC Operating Conditions (Ta = 0 to +70°C) 





Item Symbol min. typ. max. Unit 
Veco 4.5 5.0 5.5 Vv 
Supply Voltage 
Vss 0 0 0 V 
: esi Ving 2.2 - 6.0 Vv 
t t 
ve ee Vin -0.5*! = 0.8 Vv 
Note) *1 : -3.0 V for pulse width 20ns. 
Function Table 
cs WE Mode Voc Current Output Pin 
H x Not selected Ts3,/sB1 High Z 
L H Read Ico: Icec1 Dout 
L L Write Ico lec. High Z 
DC and Operating Characteristics (Voc = 5 V t10%, T, = 0 to +70°C) 
Item Symbol min. typ. max. Unit Test Conditions 
Input Leakage Current rz - - 2 uA Voco=5.5V, Vin=Vgg to Voc 
Output Leakage Current Tro} - - 10 BA CS = Vizz, Vout =Vss to Voc 
Operating Power Supply Current I¢c¢ = 7 100 mA CS = Viz, Ioyr=0mA 
Average Operating Current Ieci - - 120 mA Min. Cycle, Duty : 100%, Joy7=OmA 
Isp - - 30 mA CS = Vin, Vin = Vig ot Viz, 
Standby Power Supply Current CS > eS 
Pp oe . 7 10 aN CS 2 Voc-0.2 V 
Vin nS 0.2 V or VIN 2 Voc -0.2V 
Output Low Voltage VoL - - 0.4 Vv Io =8mA 
Output High Voltage Vou 2.4 - ~ Vv low =-4mA 
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HM6707 Series 


Capacitance (T, = 25°C, f= 1 MHz) 


Item Symbol max. Unit Test Conditions 
Input Capacitance Cin 6.0 pF Vin = 0V 
Output Capacitance Cout 10.0 pF Vout =90V 


Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Voc = 5V +10%, Ty = 0 to +70°C, unless otherwise noted) 


AC Test Conditions 

@ Input pulse levels: Vss to 3.0 V 
Input timing reference levels: 1.5 V 
Output Load : See Figure 

Input rise and fall times : 4 ns 
Output reference levels : 1.5 V 


30pF* 5pF* 


*including 
scope and jig 


Output Load A Output Load B 
(for tyz, ttz, twz & tow) 





Read Cycle 
2 HM6 707-25 
Item Symbol ——MG70720 __HMS 707-75 unit Notes 
min. max. min. max. 

Read Cycle Time tro 20 - 25 - ns - 
Address Access Time taa - 20 - 25 ns - 
Chip Select Access Time tacs - 20 — 25 ns - 
Output Hold from Address Change tog 5 - 5 - ns - 
Chip Selection to Output in LowZ = tz 5 - 5 - ns 1,2 
Chip Deselection to Output 

in High Z tHz 0 15 0 15 ns 1,2 


Note) 1. This parameter is sampled and not 100% tested. 
2. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 
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I MIG TOT Series 


Read Cycle-1*! 


Address 


Data Out Previous Data Valid Data Valid 





Read Cycle-2*2 


4th, 


Data Out High Impedance 





Notes) +1. WE is high and CS is low for Readcycle. ___ 
«2. Addresses valid prior to or coincident with CS transition low. 
«3. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 





Write Cycle 
Item Symbol ee — Unit Notes 
Write Cycle Time twe 20 - 25 - ns 2 
Chip Selection to End of Write tow 15 - 20 - ns - 
Address Valid to End of Write taw 15 - 20 - ns - 
Address Setup Time tas 0 - 0 - ns - 
Write Pulse Width twp 15 - 20 - ns - 
Write Recovery Time twr 3 - 3 ~ ns - 
Data Valid to End of Write tow 15 - 20 - ns - 
Data Hold Time toy 0 - 0 - ns - 
Write Enable to Output in High Z twz 0 15 0 15 ns 3,4 
Output Active from End of Write tow 0 - 0 7 ns 3,4 


Note) 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 
4. This parameter is sampled and not 100% tested. , 


© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 253 





HM6707 Series 


Write Cycle-1 (WE Controlled) 


Address 


AL ALL 


— e e 


twrR > 


,{DH, 


4 Data In Valid i 
1 1 


Data Out Data Undefined High Impedance 





Note) *1. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 


Write Cycle-2 (CS Controlled) 


Address OR 


taw ———————> |¢ twr 


ESS ea Pee, 


tpw —____» 24 


Data In 4a Data In Valid 
*] 


+ twz > 


Data Out Data Undefined High Impedance 





Note) *1. Transition is measured +200 mV from steady state voltage with specified loading in Load B. 


*2. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffer remains in a high impedance state. 
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HM6707A Series — product Preview 


262144-Word x 1-Bit High Speed Static RAM 


@ FEATURES 
© Super Fast 

ACCeSS The ssi oie eS wa ies awe 15/20/25ns (max.) 
¢ Low Power Dissipation .................00000- 400mW (typ.) 


e +5V Single Supply 
¢ Completely Static Memory 

No Clock or Timing Strobe Required 
e Fully TTL Compatible Input and Output 





(DP-24NC) 
@ ORDERING INFORMATION 


Access Time 


15ns 
20ns 
25ns 


15ns 
20ns 
25ns 
















Package 


300 mil 24 pin 
Plastic DIP 
(DP-24NC) 


300 mil 24 pin 
Plastic SOJ 
(CP-24D) 


HM6707AP-15 
HM6707AP-20 
HM6707AP-25 


HM6707AJP-15 
HM6707AJP-20 
HM6707AJP-25 





















@ BLOCK DIAGRAM 


—o Voc 
— Vs 


Memory Matrix 
256x1024 


Decoder 









Dout 
O 


ieee See a eel 
| coum 
Column VO 
PEE bk bs 


(Top View) 
Ai2 Aig Arg Ato Ata Ais Ate Ai7 Ao Ay 
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HM6707A Series 
@ ABSOLUTE MAXIMUM RATINGS 


item Unit 
Terminal Voltage to Vgg Pin Vv 
Power Dissipation es | 
Operating Temperature Range 0 to +70 °C 
Storage Temperature Range (with bias) °C 
Storage Temperature Range 2C 


@ RECOMMENDED DC OPERATING CONDITIONS (0°C < T, = 70°C) 








Supply Voltage 





Input High Voltage 
Input Low Voltage 
*Pulse width: 1Sns, DC: -0.5V 





@ TRUTH TABLE 






ee 


Output Pin 








Data Out 


@ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, Vsg = OV) 
fem [Symbot] Test Condition | Min. | Typ. | Max. [ Uni 
Input Leakage Current Veco = 5.5V, Vin = Vss to Vec | — | — | 2 | pA 
Output Leakage Current ae aa a es 
Operating Power Supply Current [Toc [CS = Vu. loyr = Oma | — | =| 00 | ma 
Average Operating Curent | ocr | Min, Cyee, Duty: 100%, Toy, = Oma | — | — | a0 [ma 
| Isp | CS = Vis, Vin = Vins oF Vi feet 808 ema 

Standby Power Supply Current CS = = 

PFover Seon coret | tan [Gace Overy = Vec-o2v | ~ | - | ® | 
Ouipat Law Volage quige tes elo Y 
Output High Voltage Mois ae ey 


@ AC TEST CONDITIONS 


¢ Input Pulse Levels: Vgg to 3.0V © Input Rise and Fall Times: 4ns 
© Input Timing Reference Levels: 1.5V © Output Load: See Figure 
© Output Reference Levels: 1.5V 


+5V +5 V 
4800 4800 


30 pF * 5 pF * 


Output Load B 
Output Load A (for tyz, tLz, twz & tow) 





*Including scope and jig capacitance. 
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HMG707A Series 


Mi CAPACITANCE (T, = 25°C, f = 1.0MHz) 


Item 
Input Capacitance 
Output Capacitance 
NOTE: 





This parameter is sampled and not 100% tested. 


@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0°C to 70°C, unless otherwise noted.) 


e Read Cycle 


Item 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Output Hold from Address Change 
Chip Selection to Output in Low Z 


Chip Deselection to Output in High Z 


NOTES: 


2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 


¢ Write Cycle 


Item 


Write Cycle Time 

Chip Selection to End of Write 

Address Valid to End of Write 

Address Setup Time 

Write Pulse Width 

Write Recovery Time 

Data Valid to End of Write 

Data Hold Time 

Write Enable to Output in High Z 

Output Active from End of Write 
NOTES: 


1. This parameter is sampled and not 100% tested. 


HM6707A-20 | HM6707A-25 . 
"Min. | Max. | Min. | Max. | —™* | Notes 


Q 


SIE Is le 
x iD |> 


tz 
tyz 





fe: 
< 
2g 
S 
is 
ta 


Symbol Unit | Notes 


— 


Wi 


> 


oe [et ov a 


twp 


= 


os le 
= ix 


twz, 


. 


NIN 
too} Qo 


1. All write cycle timings are referenced from the last valid address to the first transitioning address. 


2. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
3. This parameter is sampled and not 100% tested. 
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HM6707A Series 


@ TIMING WAVEFORM 
e Read Cycle (1) (1) 


Address 


Data Out Pav Oaa Val — XO 





e Read Cycle (2) (2) 





tre 
cS 
Data Out Data Valid 
High Impedence High 
impedence 


NOTES: 1. WE is high and CS is low for READ cycle. 
2. Addresses valid prior to or coincident with CS transition low. 
3. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM6707A Series 
¢ Write Cycle (1) (WE Controlled) 


twe 


 rt—(_itw—CiCdszy 


. ‘ 
Data In Data In Valid 
tow 


Data Out Data Undefined 





High Impedance 


NOTES: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
2. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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HM6707A Series 





¢ Write Cycle (2) (CS Controlled) 





Address 


S i ene 


me SWS SO 2ZZZZEZ 





Data In y Data In Valid 


t 


WZ 
Data O Data Undefined 
it High Impedance 


NOTES: 1. Transition is measured +200mV from steady state voltage with specified loading in Load B. 
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HM628128 Series 


131072-Word x 8-Bit High Speed CMOS Static RAM 





The Hitachi HM628128 is a CMOS static RAM organized 128- 
kword x 8-bit. It realizes higher density, higher performance and low 
power consumption by employing 0.8 wm Hi-CMOS process 
technology. 

It offers low power standby power dissipation; therefore, it is 
suitable for battery back-up systems. The device, packaged in a525 
mil SOP (460-mil body SOP) or a 600-mil plastic DIP, is available for 
high density mounting. 


HM628128P Series 





Features (DP-32) 
¢ High speed: Fast access time 70/85/100/120 ns (max.) 
* Low power 
Standby: 10 pW (typ) (L-version) 
Operation: 75 mW (typ) 
* Single 5 V supply 
¢ Completely static memory 
No clock or timing strobe required 
* Equal access and cycle times 
¢ Common data input and output: Three state output 
* Directly TTL compatible: All inputs and outputs 
* Capability of battery back up operation (L-version) (FP-32D) | 
2 chip selection for battery back up 





HM628128FP Series 












































Ordering Information Pin Arrangement 
Type No. Access Time Package 
HM628128P-7 70ns ~ 
HM628128P-8 85 ns 321] Ve 
HM628128P-10 100 ns 600 mil 32-pin 31 a AIS 
HM628128P-12 120 ns ‘ CS2 
plastic DIP eat 
HM628128LP-7 70 ns WE 
(DP-32) 28 { | A13 
HM628128LP-8 85 ns aie 
HM628128LP-10 100 ns 261] ag 
HM628128LP-12 120 ns 25{] Att 
HM628128FP-7 70 ns 24[] OF 
HM628128FP-8 85 ns : a 
C31 
HM628128FP-10 100 ns 525 mil 32-pin’ aif] 1/07 
HM628128FP-12 120 ns plastic SOP 1/06 
HM628128LFP-7 70 ns (FP-32D) 19 [_] t/os 
HM628128LFP-8 85 ns 18 | J 1/04 
HM628128LFP-10 100 ns Wee 
HM628128LFP-12 120 ns 
Note: The specifications of this device are subject to change without notice. (Top View) 
Please contact your nearest Hitachi's Sales Dept. regarding 
specifications. 
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HM6 28128 Series 


Pin Description 


Pin Name Function 
A0-A16 Address 

1/00 — 1/07 Input/output 
CS1 Chip select 1 
CS2 Chip select 2 
WE Write enable 
OE Output enable 
NC No connection 
Vcc Power supply 
Vss Ground 


Block Diagram 








—— Vec 










; ——9 Vss 
Memory Matrix 


512 X 2,048 


Input 
Data 
Control 


Read/Write Control 





Function Table 

















WE  CSi1 CS2 OE Mode Vcc Current Dout Pin Ref. Cycle 
x H x x Isp, Ispi High-Z 
Not selected 7 

x x L x medearan Tse, si High-Z 

H L H H Output disable Icc High-Z 

H L H L Read Icc Dout Read cycle 
lee oN i Icc Din Write cycle (1) 

L L H L Icc Din Write cycle (2) 
Note x:HorL 
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HM6281 28 Series 


Absolute Maximum Ratings 
































Item Symbol Value Unit 
Voltage on any pin relative to Vss Vr -0.5"! to +7.0 Vv 
Power dissipation Pr 1.0 W 
Operating temperature Topr 0 to +70 °C 
Storage temperature Tstg —55 to +125 °C 
Storage temperature under bias Tbias —10 to +85 °C 





Note: *1.-3.0 V for pulse half-width < 30 ns 


Recommended DC Operating Conditions ( Ta = 0 to +70°C ) 














Ttem Symbol Min Typ Max Unit Note 
Sapplyoltage Vcc 45 5.0 5.5 Vv 
Vss 0 0 0 Vv 
Input high (logic 1) voltage Vin 2.2 — 6.0 Vv 
Input low (logic 0) voltage Vi 0.3"! — 0.8 Vv 








Note: *1.-3.0 V for pulse half-width < 30 ns 





DC Characteristics ( Ta = 0 to +70°C, Vcc = 5 V+ 10%, Vss=0 V) 











Item Symbol Min Typ"! Max Unit Test Conditions 
Input leakage current Tul — — 2 HA Vin = Vss to Vcc 
CS1 = Vii or CS2 = Vit or 
Output leakage current hol — — 2 wA OE=Vnor WE=Vn, 


Vyo= Vss to Vcc 
CSi= Vi, CS2 = Vn, 
Operating power supply current: DC Icc — 15 30 mA others = Vin/Vi_ 
Iyo= 0 mA 
Min cycle, duty = 100%, 
Icci — 45 70 mA  GSi=Vn,CS2= Vm, 
others = Vin/Vi. 
Iyo=OmA 
Cycle time = 1 us, 
Icc2 —_— 15 30 mA duty = 100%, Ivo=O0mA 
CS1 < 0.2 V, CS2 2>Vcc-0.2 V 
Vm 2 Vcc —- 0.2V, Vi< 0.2V 
Standby power supply current: DC IsB —_— 1 3 mA  CS1=Vn,CS2=Va 
or CS2= Vi 
— 0.02 2 mA Vin20V 
CSI 2 Vec- 0.2 V, 











Operating power supply current 














Standby power supply current (1): DC Is 2 4002 pA  CS2>Vcc-0.2 Vor 
OV <sCS2<0.2V 

Output low voltage Vor — _ 0.4 V Io: = 2.1 mA 

Output high voltage Vo 2.4 —_ — V Ion = -1.0 mA 





Notes: *1. Typical values are at Vcc = 5.0 V, Ta = +25°C and specified loading. 
*2. This characteristics is guaranteed only for L-version. 
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Capacitance (Ta = 25°C, f = 1.0 MHz ) 


Item Symbol Min Typ Max Unit Test Conditions 
Input capacitance Cin — —_— 8 pF Vin=0V 
Input/output capacitance Cyo — —_ 10 pF Vyo =0V 


Note: This parameter is sampled and not 100% tested. 


AC Characteristics ( Ta = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted ) 

Test Conditions 

« Input pulse levels: 0.8 V to 2.4 V ¢ Input and output timing reference levels: 1.5 V 

¢ Input rise and fall times : 5 ns * Output load: 1 TTL Gate and CL (100pF) 
(Including scope & jig) 



























































Read Cycle 
HM628128-7 HM628128-8 HM628128-10 HM628128-12 : 
oes symbol Min Max Min Max Min Max Min Max Se nee 
Read cycle time tRc 70 — 8 100 — 1200 — ns 
Address access time tAA — 70 — 85 — 100 — 120 ns 
Chip selection (CS1) tco1 — 70 — 85 — 100 — 120 ns 
to output valid 
Chip selection (CS2) tco2 — 70 — 85 — 100 — 120 ns 
to output valid : 
Output enable (OE) tOE — 35 — 45 — 50 — 60 ns 
to output valid 
Chip selection (CS1) 1LZ1 10 — 100 — i000  — 100 — ns “1, *2."3 
to output in low-Z 
Chip selection (CS2) z2 10 — 10 — 10 = 10 — gis: <7 "2e*3 
to output in low-Z 
Output enable (OE) toLz 5 — 5 — 5 — §. 6 ng. “Tht 
to output in low-Z 
Chip deselection (CS1) tHz1 0 25 0 30 0 35 0 45 ns “1. *2.°3 
to output in high-Z 
Chip deselection (CS2) tHz2 0 25 0 30 0 35 0 45 ns “1. %2."3 
to output in high-Z 
Output disable (OE) toHz, 0 25 0 30 0 35 0 45 Hise» See 
to output in high-Z 
Output hold from toH 100 — 100 — 10 — 10 — ns 


address change 
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HM628128 Series 


Read Timing Waveform” 





















o N\A 
| 
= ere 
ge LLL L LA eal aE SS SSIS 
© YY | ALY LT TAL 
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Notes: *1. tz and torz are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output 
voltage levels. 
*2, At any given temperature and voltage condition, txz max is less than t.z min both for a given device and from device to device. 
*3. This parameter is sampled and not 100% tested. 
*4. WE is high for read cycle. 




























































































Write Cycle 
fen Symbol HM628128-7 HM628128-8 §HM628128-10 HM628128-12 Unit Note 
Min Max Min Max Min Max Min Max 
Write cycle time twc 70 — 85 —_— 100 — 120 — ns 
Chip selection to tcw 60 — 715 — 90 — 100 — ns 
end of write 
Address setup time tas 0 — 0 — 0 — 0 — ns 
Address valid to taw 60 —_ 75 —_ 90 —_— 100 — ns 
end of write 
Write pulse width twe 55 — 65 — 75 — 85 — ns 
Write recovery time twR 5 — 5 — 5 — 10 — ns 
10 — 10 —_ 10 — 15 — ns *il 
Write to output tWHZ 0 25 0 30 0 35 0 40 ns *10 
in high-Z 
Data to write time tow 30 —_— 35 —_ 40 — 45 — ns 
overlap 
Write hold from {DH 0 — 0 —_ 0 — 0 — ns 
write time 
Output active from tow 5 — 5 — 5 — 5 — ns *10 
end of write 
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HM628128 Series 


Write Timing Waveform (1) (OE Clock) 


MALLE TT OS 
eo | | 
SRO 


ZZLLIVTLALF AAXAAAAAN 
fea es 
LWNM___AZZZZZZZZ 


Sy SES 
LLL LL Lh LL LL 


tow tou 
ye 
OK KX 





Write Timing Waveform (2) (OE Low Fix) 
Address 


sheet Sbbere 


wR 


TIAZILIR ‘ra aa 


ae A a ton 


SSS SS SS SSS 
CLL LL LLL LLL L LS 





Notes: *1. A write occurs during the overlap of a low CS1, a high CS2 and a low WE. A write begins at the latest transition among CS1 
going low, CS2 going high and WE going low. A write ends at the earliest transition among CS1 going high, CS2 going low 
and WE going high. tw is measured from the beginning of write to the end of write. 

*2. tcw is measured from the later of CS1 going low or CS2 going high to the end of write. 

*3. tas is measured from the address valid to the beginning of write. 

*4, twR is measured from the earliest of CS1 or WE going high or CS2 going low to the end of write cycle. 

*5. During this period, I/O pins are in the output state; therefore, the input signals of the opposite phase to the outputs must not 
be applied. 
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HM6281 28 Series 


*6. If CS1 goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
*7,  Dout is the same phase of the latest written data in this write cycle. 
*8. Dout is the read data of next address. 
*9, If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input signals of the opposite 
phase to the outputs must not be applied to them. 
*10. | This parameter is sampled and not 100% tested. 
*11. | This value is measured from CS2 going low to the end of write cycle. 


Low Vcc Data Retention Characteristics ( Ta = 0 to +70°C ) 
(This characteristics is guaranteed only for L-version.) 


Item Symbol Min Typ Max Unit Test Conditions’? 
CSi 2 Vec-0.2 V, 
CS2 2 Vcc — 0.2 V 














Vcc for data retenti Vv 2.0 — — Vv 
cc for data retention DR or 0 VECS2<02V 
Vin2=0V 
Vec =3.0 V, Vin 20 V 
Data retention current Iccpr — 1 50"! pA CS1 2 Vee- 0.2 V, 
CS2 2 Vcc — 0.2 V or 
0V<sCS2<50.2V 
Chip deselect to date retention time tcDR 0 — — ns San Retention Waveform 
Operation recovery time IR 5 —_ — ms 
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HM6281 28 Series 





Low Vcc Data Retention Timing Waveform (1) (CST Controlled) 


C51 =Vece—0.2V 








Data Retention Mode 





Notes: *1. 20 pA max at Ta=0 to 40°C. 
*2. CS2 controls address s buffer, WE buffer, CS1 buffer and OE buffer and Din buffer. If CS2 controls data retention mode, Vin 
levels (address, WE, OE, CSi, I/O) can be in the high impedance state. If CSI controls data retention mode, CS2 must be CS2 
> Vcc- 0.2 V or 0 V S$ CS2 $0.2 V. The other input levels (address, WE, OE, I/O) can be in the high impedance state. 
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HM624256 Series 
4-Bit CMOS Static RAM 


HM624256 SERIES 
262144-WORD x 4-BIT HIGH SPEED CMOS STATIC RAM 


The Hitachi HM624256 is a high speed 1M static RAM 
organized as 256-kword x 4-bit. It realizes high speed access 
time (35/45 ns) and low power consumption, employing CMOS 
process technology and high speed circuit designing technology. 
It is most advantageous for the field where high speed and high 
density memory is required, such as the cache memory for main 
frame or 32-bit MPU. 

The HM624256, packaged in a 400-mil plastic SOU is 
available for high density mounting. 


m@ FEATURES anaes 


¢ Single 5 V supply and high density 28-pin 
package (DIP and SOJ) 


High speed: Fast access time 35/45 ns (max.) 


* Low power 
Operation: 350 mW (typ.) 
Standby: 100 pW (typ.) 


Completely static memory: 
No clock or timing strobe required 

















e Equal access and cycle time (CED) 
¢ Directly TTL compatible: All inputs and outputs PIN ARRANGEMENT 
@ ORDERING INFORMATION 
Type No. Package re alt SOJ) 
[e] lew 
HM624256P-35 400 mil : 
HM624256P-45 28-pin 1 
HM624256LP-35 Plastic DIP 2 
HM624256LP-45 (DP28C) 3 
HM624256JP-35 400 mil 4 
HM624256JP-45 28-pin 5 
HM624256LJP-35 Plastic SOJ 
HM624256LJP-45 (CP-28D) 6 
7 
@ PIN DESCRIPTION 8 
Pin Name Function 9 
Ag-Ay7 Address 
1/O,-1/O4 Input/Output 
cs Chip Select 
OE Output Enable 
WE Write Enable 
Vec Power Supply 
Vss Ground 





Note: The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi’s Sales Dept. regarding specifications. 
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@ BLOCK DIAGRAM 


Row Memory Array 
Decoder - 256 X 1,024 


Input 
Data 
Control 





@ FUNCTION TABLE 







ae 
a (es 
ei ee sl ee = ee de 
eS A A ( 


NOTE: X:HorL 


Ref. Cycle 














Read Cycle(!)-@) 
Write Cycle) 
Write Cycle®) 






@ ABSOLUTE MAXIMUM RATINGS 


Voltage on any Pin Relative to Vgg VT Vv 
Power Dissipation Pr SS ae WwW 
Operating Temperature Range is G 
Storage Temperature Range °C 
Storage Temperature Range Under Bias °C 


NOTE: *!. V; min. = -2.0 V for pulse width < 10 ns. 
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HM624256 Series 


M@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C) 


Supply Voltage 


Input High (Logic 1) Voltage 
Input Low (Logic 0) Voltage 





NOTE: *1. V, min. = -2.0 V for pulse width < 10 ns. 
™@ DC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5V + 10%, Vss = 0 V) 


Item Symbol Typ.”! | Max. | Unit | Test Conditions 


Input Leakage Current Kul 2.0 pA Vec = max. 

Vin = Vss t0 Voc 
Output Leakage Current HILol 2.0 pA CS = Vin 

Vout = Vss to Vec 
Operating Power Supply Current Icc 70 120 mA CS = Vy, Tour = O mA, 

min. cycle 


Standby Power Supply Current (1) Igpi"2 0.02 2.0 mA CS = Vcc -0.2V 
Igpi”? _ 0.2 mA OV < Vi, < 0.2 Vor 
Vin = Vec -0.2V 


Output Low Voltage VoL 


es 
Output High Voltage Vou } 24 | — [| = | v Io = -4.0 mA 





NOTES: *1. Typical limits are at V-c = 5.0 V, T, = 25°C amd specified loading. 
*2, JP-version 
*3, LJP-version 


@ CAPACITANCE (T, = 25°C, f = 1MHz) 


Input Capacitance 





Input/Output Capacitance 


NOTE: 1. This parameter is sampled and not 100% tested. 

@ AC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5 V 4 10%, unless otherwise noted.) 

Test Conditions 

e Input pulse levels: Vsg to 3.0 V e Input and output timing reference levels: 1.5 V 
¢ Input rise and fall times: 5 ns © Output load: See Figures 


Output Load (A) Output Load (B) 
+5V (for tcyz, terz» twuz & tow) 
+5V 





NOTE:  ‘*Including scope & jig. 
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HM624256 Series 


@ Read Cycle 


HM624256-35 HM624256-45 
: Unit 


Item Symbol 


Read Cycle Time tec 35 4 ns 


3 


> 
wa 


Address Access Time taa ns 


Chip Select Access Time tacs ns 


* 


Chip Selection to Output in Low-Z ns 


ey 
N 


Output Enable to Output Valid 


F 
m 


ns 


Output Enable to Output in Low-Z 


ns 


oy 
N 


5 
20 


* 


XY 
i) 


Chip Deselection to Output in High-Z toyz ns 


5 
Chip Disable to Output in High-Z tonz”! ns 
Output Hold From Address Change 5 


5 ns 


eft 
* 


Chip Selection to Power Up Time ns 


- 
~~ 
™ 


N 
we 


w 
Oo 


Chip Deselection to Power Down Time tpp ns 


Read Timing Waveform (1) *1, “2 


trc 





Address 


oe 


Dout 


Address 


Dout 





© HITACHI 
272 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 « (415) 589-8300 


HM624256 Series 
Read Timing Waveform (3) *1, *2, °4, °5 


ts 


Dout 





NOTES:  *1. Transition is measured +200 mv from steady state voltage with Load (B). This parameter is sampled and not 100% tested. 
*2, WE is high for read cycle. 
*3. Device is continuously selected, CS = VIL. 
*4. Address valid prior to or coincident with CS transition low. 
*5. OE = VIL. 


@ Write Cycle 





oe HM624256-35 HM624256-45 is 
| Min, | Max, | Min | Max. 
Chip Selection to End of Write | tw | 3 | -— | 4 | - | ns 
Address Valid to End of Write | tw | 309 | -— | 4 | -— | 18 
ike Pe Wi meee ee 
Output Disable to Output in High-2"! | tw | o | wo | o | wb | os 
Data Hold From Write Time | te | o@ | -—- | o | - | ns 
Output Active From End of Write*! | tw {| o [| — | o j| - | ns 


NOTE: |. Transition is measured + 200 mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


Write Timing Waveform (1) 


twe 
a TeneU oman st =" twa"? 


« LL KAA 
«© NAAR A////// 
we a aCe ae 


Boe: ee AN 
IAAL ADL LS 


z OK 
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HM624256 Series 


Write Timing Waveform (2) “6 


twe 





SEANNNNNNN CN 7777777711 


seh KIVA 
A I SSE OP AA 


tow ton®? 


: ED 000050, 


NOTES: ‘*1. Transition is measured +200 mV from high impedance voltage with Load (B). This parameter is sampled and not 100% tested. 


*2. A write occurs during the overlap (twp) of a low CS and a low WE. 


ca 


w 


. twr is measured from the earlier of CS or WE going high to the end of write cycle. 


*4, During this period, I/O pins are in the output state so that the input signals of the opposite phase to the outputs must not be applied. 
* 


ivy 


. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output remain in a high impedance state. 

*6. OE is continuously low. (OE = Vii) 

*7. Dour is the same phase of write data of this write cycle. 

*8. Dour is the read data of next address. 

*9, If CS is low during this period, I/O pins are the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 


(DP-28C) (CP-28D) 


2.078% 
(0.09479 98) 


8.540. 73)max 0.63(0.025) MIN 


10. 16(0.400) 
1b. 1840.13 


(0.440+0.005) 
(0.37040.01) 


= ~~ 
B\x& 
2|-8 
ZINA 
Olas 
a} = 


cr 
is Uo G 


1 [0.89 


(0.035) (0.051) 


540.26 
138+0.05) 


0.10(0.004) 


(SEATING PLANE) 
1.27(0.050) 


0.43+0.10 


(0.017+0.004) 
} Ms ase3¥ 
Ae 0 


Yas: 


(0.020min) 
3 
(0 


S4min. 5.08max 


|_| 2.5420.25 | 0.48+0.1 


(0.10020.010) — (0.019+0.004) 


2 
(0.100min.) (0.200max) 
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HM624257 Series ——__—— Under Development 
4-Bit CMOS Static RAM 


HM624257 SERIES 
262144-WORD x 4-BIT HIGH SPEED CMOS STATIC RAM 


The Hitachi HM624257 is a high speed 1M static RAM 
organized as 256-kword x 4-bit. It realizes high speed access 
time (35/45 ns) and low power consumption, employing the 
advanced CMOS process technology and high speed circuit 
designing technology. It is most advantageous for the field where 
high speed and high density memory is required, such as the 
cache memory for main frame or 32-bit MPU. 

The HM624257, packaged in a 400-mil plastic SOU is available 
for high density mounting. 


@ FEATURES 


¢ Single 5 V supply and high density 32-pin package (SOU) 
e High speed: Access time 35/45 ns (max.) 





¢ Low power dissipation 
Active mode: 350 mW (typ.) 
Standby: 100 pW (typ.) 
Completely static memory: 
No clock or timing strobe required 





Equal access and cycle time ; (CP-32D) 


Directly TTL compatible: Alt inputs and outputs 


@ ORDERING INFORMATION 


Access Time 


PIN ARRANGEMENT 
Top View 









Package 











HM624257JP-35 400 mil 
HM624257JP-45 ‘45 ns 32-pin 
HM624257LIP-35 Plastic SOJ 
HM624257LJP-45 45 ns (CP-32D) 





@ PIN DESCRIPTION 






Function 
Address 
Data Input 
Data Output 
Chip Select 
Write Enable 
Power Supply 
Ground 


Pin Name 







oon oO af WOW NH = 
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HM624257 Series 


@ BLOCK DIAGRAM 


Memory Arrray 


Row 
Decoder 256 x 1,024 





@ ABSOLUTE MAXIMUM RATINGS 


Voltage on any Pin Relative to Vs 
Operating Temperature Range °c 
Storage Temperature Range °C 
Storage Temperature Range Under Bias °C 


NOTE: *1. V,, min. = -2.0 V for pulse width < 10 ns. 


@ FUNCTION TABLE 







eo 
ee 


NOTE: X:HorL 


Ref. Cycle 













Read Cycle(!)-@) 
Write Cycle()-(2) 
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@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C) 


Supply Voltage 


Input High (Logic 1) Voltage 
Input Low (Logic 0) Voltage 





NOTE: *1. V,, min. = -2.0 V for pulse width < 10 ns. 


@ DC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5 V + 10%, Vsg = OV) 


Item Symbol Typ." | Max. | Unit | Test Conditions 


Input Leakage Current | 2.0 pA Vec = max. 

Vin = Vss t0 Vec 
Output Leakage Current \Irol pA CS = Vin 

Vio = Vss to Voc 
Operating Power Supply Current Icc 70 120 mA CS = Vy. Ivo = OmA, 

min. cycle 


Standby Power Supply Current | 30 «| oma CS = Vin, min. cycle 


Standby Power Supply Current (1) 0.02 2.0 mA CS = Vec - 0.2 V 
OV < V,, = 0.2 Vor 
Vin 2 Vec -~0.2V 


NOTE: 1. Typical limits are at Voc = 5.0 V, T, = +25°C and specified loading. 





@ CAPACITANCE (T, = 25°C, f = 1MHz) 






Item 






Input Capacitance 


Output Capacitance 





NOTE: 1. This parameter is sampled and not 100% tested. 
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HM624257 Series 


@ AC CHARACTERISTICS (T, = 0 to +70°C, Vcc = 5 V + 10%, unless otherwise noted.) 


Test Conditions 


¢ Input pulse levels: Vss to 3.0 V ¢ Input and output timing reference levels: 1.5 V 
e Input rise and fall times: 5 ns e Output load: See Figures 


Output Load (A) Output Load (B) 
(for teyz, teiz> twuz & tow) 
5V 


5V 





NOTE:  *Including scope & jig. 


@ Read Cycle 


HM624257-35 HM624257-45 
Unit 


Item Symbol 


Read Cycle Time ns 


Address Access Time ns 


Chip Select Access Time ns 


> 
Qa 
n 


Output Hold From Address Change ns 
Chip Selection to Output in Low-Z ns 
Chip Deselection to Output in High-Z ns 
Chip Selection to Power Up Time ns 
Chip Deselection to Power Down Time ns 


NOTE: 1. Transition is measured +200 mV from steady voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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HM624257 Series 


Read Timing Waveform (1) “1: *2 


Address 


Dout 


Dout 


High Impedance High Impedance 


t 
Vee supply re 


current 





NOTES: *1. WE is high for read cycle. 
*2. Device is continuously selected, CS = Vir. 


*3. Address valid prior to or coincident with CS transition low. 


@ Write Cycle 


HM624257-35 HM624257-45 
Item Symbol Unit 


Chip Selection wo End of Wit ee ae ae ee ee ee 
Address Valid to End of Write | tw | 3 | = | 4 | = | ns 
Wie Pale Wi Ey a ase UP 
Write Enabled to Output in High-Z | we | o | sw | o | 20 | ns 
Output Active From End of Write tow"! roe eee ae ns 


NOTE: |. Transition is measured +200 mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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HM624257 Series 


Write Timing Waveform (1) (WE Controlled) 


Address 


Cs 





sf Pott PLA LT Ter 
EE TAA ESTEE 


Write Timing Waveform (2) (CS Controlled) 





Address 


a 





MD0.000.0.6.0.060.0.0 GEE a 


Dout High Impedance*? 
NOTES: *1. A write occurs during the overlap of a low CS and a low WE. 
*2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 


3. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, output buffers remain in a high impedance state. 
*4. DouT is the same phase of write data of this write cycle. 
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HM624257 Series 


@ Low Vcc Data Retention Characteristics (T, = 0 to +70°C) 





Test Conditions 











Vcc for Data Retention 
CS = Vcc - 0.2 V, 


Vin = Vec - 0.2 V or 
OV <V,, <02V 






Data Retention Current 






Chip Deselect to Data Retention Time 









Operation Recovery Time 


NOTE: *1. Vcc = 3.0V. 


Low Vcc Data Retention Timing Waveform 


Data Retention Mode_ 





CS2 Vee —0.2V 
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(CP-32D) 


20.71 (0.815) (0.0947 
21.08 (0.830)max 0.63(0.025)MIN 


Bl 2 
Sls 
2} + 
o} 2 
s| = 


(0.440+0.005) 
9.4+0.25 i 
(0.370+0.01) 


z 16 
(0.029) 


3.540.26 
o> {0.138%0.01) 
0.100.004); 


(SEATING PLANE) 
0.4340.10 +.27(0.050 


(0.017+0.004) 
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HMG6G6204 Series 


131072-word x 8-bit High Density CMOS Static RAM Module 


The HM66204 is a high density 1 M-bit static RAM module 
consisted of 4 pieces of HM62256FP/LFP products (SOP type 
256k static RAM) and a HD74HC138FP equivalent product (SOP 
type CMOS decoder logic). 

An outline of the HM66204 is the standard 600 mil width 32 
pin dual-in-line package. Its pin arrangement is completely com- 
patible with 1 M-bit monolithic static RAM. 

The HM66204 offers the features of low power and high speed 
by using high speed CMOS devices. And, the HM66204 makes 
high density mounting possible with no surface mount technolo- 
gy. 

These features make the HM66204 ideally suited for high 
density compacted memory systems. 


Features 
@ High density 32 pin DIP 
— Mounting 4 pcs. of 256k static RAM (SOP; HM62256FP/ 
LFP) and CMOS decoder logic (SOP; HD74HC138FP 
equivalent) 
@ Pin compatible with 1M monolithic static RAM 
® High speed 
— Fast access time 120 ns/150 ns (maximum) 
@ Equal access and cycle time 
@ Completely static RAM 
— Noctlock or timing strobe required 
@ low power standby and low power operation 
— Standby 40 pW (typical) (L-version) 
— Operation 50 mW(typical) (f= 1 MHz) 
® Common data input and output, three state outputs 
@ Capable of battery backup operation (L-version) 


Ordering Information 


Part No. Access Time Package 
HM66 204-12 120 ns 
HM66 204-15 150 ns 
600-mil 32-pin DIP 
HM66204L-12 120 ns 


HM66204L-15 150 ns 


Absolute Maximum Ratings 


Item Symbol Rating | Unit 

Voltage on any pin relative to Vsg VT 0.5 to +7.0 Vv 
Operating temperature range Topr 0 to +70 °C 
Storage temperature range Tstg —55 to +125 £¢ 

~ Storage temperature range under bias Tbias —10 to +85 ss @) 
Power dissipation Py 1.0 WwW 
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Maintenance Only 


(Top View) 


Pin Description 


Pin Name Function 
AO - Al6 Address 
1/01 - 1/08 Input/Output 

CS Chip Select 
OE Output Enable 
WE Write Enable 
Vcc Power Supply 
Vi Ground 
NC No Connection 
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HM66204 Series : 


- Block Diagram 


Mode Selection 
Mode CS WE OE 1/0 Current Note 
Not selected (Power down) H x x High-Z Isp, Ispi 
Read L H L Dout Icc Read cycle (1) — (3) 
; L L H Din Icc Write cycle (1) 
Write F 9 
L L L Din Icc Write cycle (2) 
Note) X = Don’t care (H or L) 
Electrical Characteristics 
Recommended DC Operating Conditions (Ta = 0 to +70°C) 
Parameter Symbol Min Typ Max Unit Notes 
Vee 4.5 5.0 5.5 Vv 
Supply voltage Vss 0 0 0” V 
3.85%) — 6.0 V Al5, Al6, CS 
Input high (logic 1) Voltage V, , — 
Eee ae ats 2.2 2 6.0 V____ Others except A15, Al6, CS 
Input low (logic 0) Voltage Vin ~0.5 - 0.8 Vv 
Note) *1. Vyzz min is determined by Vcc x 0.7. 
DC Characteristics (Ta = 0 to +70°C, Voc = 5V + 10%, Vgg = OV) 
Parameter Symbol Min Typ “1 Max Unit Test Conditions Notes 
- 8 HA Vy, = Vgs to Voc 
t I 
Input leakage curren pri — 7) uA Vin = Vg to 3.5V 
.. _ 8 tA CS = Vypy or OE = Vizy 
Output leakage ent \ILol riio™ Tss'* vce 
put leakage curren LO : 7 CS = Viqy ot OF = Vizy 
= = . Vijo= Vss to 3.5V 
I CS = Vit 
Operating power supply current: DC cc - 10 25 mA ly jO= OmA 
Average operating power supply I 37 80 mA MIN. cycle duty = 100% —j 2 
current (1) cc 35 80 I1jo = OmA ~15 
; CS = Vi, Vin = Voc 
pea i power supply Icc2 - 10 15 mA Vy = OV, Iy JO = OmA 
f= 1MHz 
Standby power supply current: DC Isp a 2 12. mA CS=Vyy 
_ CS > Voc-0.2V HM66204L 
prandby power supply current i, B00 BAS oe Ale > Voc -0.2V_ Series 
= 0.16 8 mA _ or0VSAI15-A16 $0.2V 
Output low voltage VoL - - 0.4 VV IoL=2.1mA 
Output high voltage Vou 2.4 - - VV lon=-1.0mA 
Note) *1. Typical values are at Voc = 5.0V, Ta= +25°C and specified loading. 
| © HITACHI 
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TO Mer 
© Vs 


#1. RAM No.]-No.4 | HM62256F P ‘LEP 
#2. CMOS Decoder : HD74HC138FP or 
its equivalent 





HM66204 Series 


Capacitance (Ta = 25°C, f = 1 MHz) 











Parameter Symbol Min Typ Max Unit Test Conditions 
Input capacitance Cin = = 45 pF Vin =0V 
Input/output capacitance Cio - - 50 pF Vyjo = OV 





Note) This parameter is sampled and not 100% tested. 


AC Characteristics (Ta = 0 to +70°C, Veco = 5V + 10%, unless otherwise noted) 
AC Test Conditions 












































® Input pulse levets: @ Input rise and fall times: 5 ns 
0.8V to 4.0V... CS, A15, A16 @ Input and output timing reference level: 1.5V 
0.8V to 2.4V... Other pin except CS, @ Output load: 1 TTL Gate and C, (100pF) 
A15, A16 (Including scope & jig) 
Read Cycle 
Parameter Symbol aise aie e sepe20it : Unit 
min max min max 
Read cycle time tre 120 - 150 - ns 
Address access time taa - 120 - 150 ns 
Chip select access time tacs - 120 - 150 ns 
Output enable to output valid tor - 60 - 70 ns 
Output hold from address change ton 10 _ 10 - ns 
Chip selection to output in low Z tcLz 10 - 10 ~ ns 
Output enable to output in low Z toLz 5 _ 5 _ ns 
Chip deselection to output in high Z tcHz 0 40 0 50 ns 
Output disable to output in high Z toHz 0 40 0 50 ns 


Read Cycle Timing No. 1” 


Address 


RAS, TALI LT LT 
[ate OR anda t 


toe 


wT rar 7710111 


tacs 


a tens 
tcLz VY : A 
SOK a vant AD 





Read Cycle Timing No. 2°1.*2.°4 


Address 
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HM66204 Series 


Read Cycle Timing No. 3°! “> 


: Data Valid 





Notes) *1. WE is high for read cycle. 
*2. Device is continuously selected, CS = Vy. 
*3. Address should be valid prior to or coincident with CS transition low. 





4, OE= Vy. 
Write Cycle 
Parameter Symbol Mes a HESS arels Unit 
min max min max 

Write cycle time twe 120 ~ 150 - ns 
Chip selection to end of write tcw 100 - 120 - ns 
Address valid to end of write taw 100 - 120 _- ns 
Address setup time tas 0 - 0 - ns 
Write pulse width twp 90 _ 110 - ns 
Write recovery time twR 5 - 5 _ ns 
Write to output in high Z tWHZ 0 40 0 50 ns 
Data to write time overlap tpw 50 - 60 ~ ns 
Data hold from write time tpH 0 - 0 _ ns 
Output disable to output in high Z toHz 0 40 0 50 ns’ 
Output active from end of write tow 5 — 5 - ns 


Write Cycle Timing No. 1 (OE Clock) 


twRr*2 


i SS 


WN ZZ 


ANY 
RAD 


So NCS AN 
LET LALLY LS 
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HM66204 Series 





Write Cycle Timing No. 2°> (OE Low Fixed) 


Address 


cs ———e 
ao ee 


ns KAA] 


Dout TAA SN ean a. ars, 
IL IP TL AIA ALLS CAL 


tpw tpH 
* 8 


‘ au >>>: 
| KILLS 





Notes) *1. A write occurs during the overlap (twp) of alow CS and a low WE. 

*2. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

*3. During this period, I/O pins are in the output state. 
The input signals of opposite phase to the outputs must not be applied. 

*4, If the CS low transition occurs simultaneously with the WE low transition or after the WE low transition, 
outputs remain in a high impedance state. 

*5, OE is continuously low. (OE = Vy) 

*6. Doyt should be held in phase of the written data during this write cycle. 

*7. Dout is the read data of next address. 

*g. If CS is low during this period, I/O pins are in the output state. The input signals which are opposite to the 
output level should not be applied to I/O pins. 


Low Vcc Data Retention Characteristics (Ta = 0°C to +70°C) 
Data retention characteristics is guaranteed only for L version. 








Parameter Symbol Min Typ Max Unit Test Conditions 
CS > Vcc -0.2V 
Vcc for data retention VprR 2.0 - - Vv A15, Al6 2 Voc -0.2V 


or A15, A1l6 <0.2V 


Vec= 3.0V, CS > 2.8V 
Data retention current IccpR - Se 200 pA A15+A16 2 2.8V or 
OV S$ Al15-A16 $0.2V 














Chip deselect to data retention time tcpR 0 - - ns ; 
See retention waveform 





Operation recovery time tr tro*l - _ ns 





Note) *1. tro = Read Cycle Time. 
Low Vcc Data Retention Waveform 


Vor22.0V =-\---2.2V 


CS2 Vec—0.2V 
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HM66204 Series 


Package Dimensions; Unit: mm (inch) 


47.50(1.870) 
(48,26max. (1.900max. )) 


1.02(0.040) 


4.70(0.185) _ 0.35 —0.59 
(5.08max. (0.200max. )) (0.014 —0.023) 


15. 24 (0.600) 
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H M63921 -2 0/ 2 5/ 35 — Product Preview 


2K x 9-Bit CMOS Parallel In-Out FIFO Memory 


@ DESCRIPTION 


The HM63921 is a First-In, First-Out memory that utilizes a high 
performance static RAM array with internal algorithm that controls, 
monitors and declares status of the memory by empty flag, full flag 
and half-full flag, to prevent data overflow or underflow. 

Expansion logic warrants unlimited expansion capability in width 
and depth. Both read and write are independent from each other and 
their corresponding pointers are designed to select the proper loca- 
tions out of the entire array serially without address information to 
load or unload data. 

Data is toggled in and out of the device through the use of the write 
enable (W) and read enable (R) pins. The device has a read/write 
cycle time of 30/35/45ns. Organization of HM63921 provides a 9-bit 
data bus. the ninth bit could be used for contro! or parity for error 
checking at the option of the user. The HM63941 is fabricated using 
the Hitachi CMOS 1.3micron technology. The device is available 
in DIP. 


@ FEATURES 


® First-In, First-Out Dual Port Memory 

e 2k x 9 Organization 

Low-Power CMOS 1.3micron Technology 

e Asynchronous and Simultaneous Read and Write 
© Fully Expandable in Depth and/or Width 

e Single 5V (+ 10%) Power Supply 

e Empty and Full Warning Flags 


© Half-Full Flag 
© ACCESS TIMG hes hots ec havedaa Ree ee kets 20/25/35ns 
© Package ...............2.. 300-mil 28-pin Plastic DIP Package 


@ ORDERING INFORMATION 


Access Time 


20ns 
25ns 
35ns 
















Type Name 


HM63921P-20 
HM63921P-25 
HM63921P-35 


Package 


300-mil 28-pin 
Plastic DIP 
(DP-28NA) 
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(DP-28NA) 


@ PIN ARRANGEMENT 


OMAN OA fF WN = 





@ PIN DESCRIPTION 


Qo-Qg 


Function 
Data Inputs 
Reset 
Write Enable 
Read Enable 
First Load 
Retransmit 
Expansion-In 
Expansion-Out 
Half-Full Flag 
Full Flag 
Empty Flag 
Data Outputs 





HM63921-20/25/35 
@ BLOCK DIAGRAM 


DO Di D2 D3 D4 DS O6 D7 DB 
O00000000 


Data Input Buffer 


Tor 


Write Row Memory Array Row Read 
Pointer Decoder} 2048 X9 = Pointer 


<a 


is ED Ged Ha 
eseocomneeeen! NL Al eee 
ey aaeaeaeaeaeanaae 


Reset 
OQO0Q00Q00Q00000 Logic 


Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7 DB 





@ HITACHI 
290 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 (415) 589-8300 


HM63921-20/25/35 
@ ABSOLUTE MAXIMUM RATINGS 


fem Symbol Uni 
Terminal Voltage() T -0.52) to +7.0 Vv 
tg 


Operating Temperature °C 
Storage Temperature fo Dae, | -55 to + 125 °C 
Storage Temperature Under Bias -10 to +85 °C 


NOTES: 1. Relative to Vss. 
2. -3.5V for pulse width < 10ns. 


3 

Power Dissipation W 
T, 
Ts 


¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 





Parameter 







Supply Voltage 


Input Voltage 





NOTE: 1. -3.0V for pulse width < 10ns. 


@ DC CHARACTERISTICS (T, = 0°C to +70°C, Voc = 5V + 10%) 










Parameter [Symbol Test Conditions| Min. | Typ. | Max. | Unit 

Input Leakage Curren liu! [Veo = 55¥. Va =0V-Vec | - | - | 2 [oA 
Output Leakage Current | ol [R= Viw. Vu =0V-Vec | — | — | 2 | #A 
20 [= [20 | ma 

Operating Power Supply Current Icc; | Average Operating Current -25 | — | no | mA 
35 [=| 100 [ma 

| Isp _| R = W = RS = FLIRT = Vyyq | — | — { 10 | mA 

Seana Power Supply erent [¥sua | Allinputs = Voc 0.2Vor s Voc_| — | — | 1 | ma 
Output High Votiage New, | lot ea ee ey 
Output Low Voliage [Vor Ho =8msSSCSC«dT ~ | - ow fv 


M@ CAPACITANCE (T, = 25°C, f = 1MHz) 







Parameter 











Input Capacitance 






Liege Neste roe 
Output Capaciane Ge ee 


NOTE: 1. This parameter is sampled and not 100% tested. 





@ AC CHARACTERISTICS (T, = 0°C to 70°C, Voc = 5 + 10%) 


* Test Conditions 


© Input Pulse Levels: Vgs to 3.0V © Input Rise and Fall Times: 5ns 
¢ Input and Output Timing Reference Level: 1.5V © Output Load: See Figure 





+5V 


2550 30 pF * 


Output Load 
*Including scope and jig. 
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HM63921-20/25/35 


*® Read Cycle 


Parameter 


Read Cycle Time 

Access Time 

Read Recovery Time 

Read Pulse Width 

Read Low to DB Low Z 

Read High to DB High Z 

Data Valid from Read High 

Read Pulse Width After Empty Flag High 


Write High to DB Low Z 
(Read Data Flow Through Mode) 


NOTE: 


¢ Write Cycle 


Parameter 


Write Cycle Time 
Write Recovery Time 
Write Pulse Width 
Data Setup Time 
Data Hold Time 


Effective Write Pulse Width After 
’ Full Flag High 


¢ Reset Cycle 


Parameter 


Reset Cycle Time 
Reset Pulse Width 
Reset Setup Time 
Reset Recovery Time 


* Retransmit Cycle 
Parameter 


Retransmit Cycle Time 
Retransmit Pulse Width 
Retransmit Setup Time 
Retransmit Recovery Time 


rr 
< 
nN 
wo 
S 
iS 
Oo 
jee 
<x 
Nn 
Ww 
\o 
S 
iS 
rr 
= 
S 
oO 
S 
ea 


5 5 ; 
Symnpel [atin. [ Max. | Min. [ Max. | Min. | Max.| 
ee | 30 [| — | 8 | — | 4s | — [os 
Pt | - | ~|-|s [- [3s [os 
me | oO [— | o | [|= [os 
Pteew | 20 [ — | 5 | — [3s [| — | ms 
Pe { s | — | s |—- | s |— [os 
Pow | 37-13 [-)3 |—- | 
[me | 20 | — | 3s | — [3s [= [os 
meal ee] gies ee le 


1. trLz, trHz and twLz are sampled and not 100% tested. 


Symbo 


or 
Ss 
S 
NO 
Sin 
eS 
=|m 
Sig 
N 
Ww 
No} 
S 
, 

a 
or 
< 
Nn 
S 
bd 
— 
fs 
a 

eG 

ey 

-_- 


WY Ww 


twc 
twr 


tN 


tweF 


r~) 
a 
= 
ry 
a 
=] 
a 


N io) 


g 
Nn 
Ww 
\o 
N 
= 
N 
Oo 


Z 
On 
ret 
\o 
Ss) 
ne 
1 
NS) 
n 
z 
Nn 
& 
© 
S 
= 
wo 
a 

q 

5 

E. 


) 
ag 
Sis 
Ala 


— 


Symbo 


trsc 


Nl w 
tS’) 
rm 
bs) 
hes 

Apars 


Symbo 


=< 
Re 


| 
72) 


trTc 
RT 
tkTs 


2 z 
= 


is 7 

nN 

Lve) 

8 

S|" 

x15 
= = 
ES : 

wo 

8 

<|'- 

»|R 

= 

[oy 

Ww 

\O 

bo 

fee 

do 

w—N 


tRTR 
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¢ Flag Timing 
Parameter 


Reset to Empty Flag Low 

Reset to Full Flag High 

Reset to Half-Full Flag High 
Read Low to Empty Flag Low 
Read High to Full Flag High 
Write High to Empty Flag High 
Write Low to Full Flag Low 
Write Low to Half-Full Flag Low 
Read High to Half-Full Flag High 


¢ Expansion Timing 
Parameter 


Expansion in Setup to Write or Read 
Expansion in Recovery Time 
Expansion in Pulse Width 

Expansion Out High Delay From Clock 
Expansion Out Low Delay From Clock 


@ HITACHI 


WILWINT TN] NIN] WIN] dy 
Min al? a! al? nal natant a 


F 
= 


HM63921-20/25/35 


es 
= 
fo) 
30) 
\O 
No 
= 
uw 
A 


el] RR] DO] WY] | QF] BR] WH] Ww 
Mm} at} al aint al at ani a 


x 
= 
nN 
rat) 
\o 
N 
= 
uw 
wm 


< 
1 


wi Ww 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns" 
ns 
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HM63921-20/25/35 
SIGNAL DESCRIPTIONS 
Inputs 


Reset (RS) 
The device is reset whenever RS input is taken to 
low state, for minimum reset pulse width. When 
device is reset, both read and write pointers are 
set to the first location. A reset cycle is required 
after power on. Both read enable (R) and write 
enable (W) inputs must be in the high state during 
reset. Empty flag (EF) will go low and full flag (FF) 
and half-full (HF) will go high during reset cycle. 


Write enable (W) 

Write cycle is initiated at the falling edge of W, if 
the full flag (FF) is not set, provided that data set- 
up and hold time requirements relative to the ris- 
ing edge of (W) are met. Data is stored in the de- 
vice sequentially and independently of any simul- 
taneous read operation. To inhibit further write op- 
erations and prevent internal data overflow full 
flag (FF) will go low. 


Read enable (R) 

Read cycle is initiated at the falling edge of R, if 
the empty flag (EF) is not set. Data is accessed on 
a first-in, first-out basis independently of simulta- 
neous write operation. As read enable (R) goes 
high, all outputs will return to high impedance 
state, till next read operation. After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing further read operations with 
output kept in high impedance state. Empty flag 
(EF) will go high during a valid write cycle (twer), 
thereafter a valid read can start. 


First load/retransmit (FL/RT) 

For depth expansion mode, this pin is grounded to 
indicate that it is the first device, while this pin of 
the rest of devices should connect to Vcc for cor- 
rect operation. In single device mode, this pin re- 
sets the read pointer to the beginning of the FIFO 
memory, therefore data can be reread from the 
beginning. Both R and W should be kept high 
while RT is taken low. 


Expansion-in (Xl) 

For single device mode expansion- in (Xl) is 
grounded. For depth expansion mode, 
expansion-in (Xl) should be connected to 
expansion-out (XO) of previous device. 


¢ Data In (Dg to Dg) 
Data inputs for 9-bit wide data. 


Outputs 


¢ Full Flag (FF) 
The full flag (FF) will go low when FIFO is full, 
inhibiting further write operations until one or 
more read operations are completed or the FIFO 
is reset. 

e Empty flag (EF) 
The empty flag (EF) will go low when the FIFO 
becomes empty, inhibiting further read opera- 


tions, until one or more write operations are com- 
pleted, or FIFO is set to retransmit. 


¢ Expansion-out (XO)/Half-full flag (HF) 

This output has dual functionality depending how 
it is used. In depth expansion configuration 
expansion- -out (XO) is connected_to next 
expansion- in (Xl). The expansion-out (XO) of the 
last FIFO is connected to the expansion-in (Xl) of 
the first FIFO. In this way the first FIFO indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indi- 
cate the next FIFO that it will receive the next data. 
The second function of this output is in stand 
alone and/or parallel expansion configurations to 
indicate the system user that the FIFO is almost 
full. 


¢ Data outputs (Qo to Qg) 
Data outputs for 9-bit wide data. These outputs 
are in high impedance state when R is in high 
state. 


VARIOUS OPERATIONS MODE 


© Single device mode 
If only one FIFO is used, the expansion-in (XI) pin 
should be grounded. 


e Width expansion mode 

Width expansion by 9-bit increments may be 
achieved when separately paralleling the data in- 
puts and the data outputs. In this configuration 
any flags of any device may be used. To avoid 
output contention of the flags for short periods of 
time, the flag outputs should not be wired to- 
gether. 


¢ Depth expansion mode 
Multiple of FIFOs could provide multiple of 2k x 9 
as (N) x (2k) by 9-bits wide, where N is the num- 
ber of FIFOs connected in depth expansion 
mode. 


The following arrangement must be provided. 

1. First load (FL) of the first FIFO should be con- 
nected to ground. 

2. All other (FL) should be connected to Vcc. 

3. Connect the expansion-out (XO) of each FIFO 
to expansion-in (XI) of the_next FIFO serially 
and XO of the last FIFO to XI of the first FIFO. 

4. Connect all the empty flag (EF) together to OR 
gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 

5. (RT) and (AF) will not be available in this mode. 

¢ Compound expansion mode 

Combination of width and depth expansion 

modes will provide larger FIFO arrays. 
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HM63921-20/25/35 


@ TIMING WAVEFORM 
© Read Cycle 


wv 


Q0-O8 





e Write Cycle 


twc 














Ww 
tps D tou 
DO—D8s | Data in valid | | Data in valid | 


e Reset Cycle 


trsc 


aS i 


ee id teFL 
EF — 

tFFH 
a HFH 
XO/HF 


NOTES: 1. W =R = Vin during reset. 


2. trsc = trsT, trsr. 
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¢ Retransmit Cycle 


Additional reads First Read 





¢ Empty-Flag Cycle (From Last Read to First Write) 


Last Read First Read Additional First Read 
R 


ta 
ta 


tWwer 
tRer ing 
EF 
na poe Taiz 


Q0-a8 OOK KX WY? 
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HM63921-20/25/35 
e Half-Full Flag Cycle 


Write=Read+1023 Write=Read+1024 Write=Read+1023 


=| 


me 


DO—-D8 





¢ Read Data Flow Through Mode 





D0-D8 es, 


—_ twpw 
W 


trac First write tRPE 
tapw thr Last read 


SSS 
EF _—— 


t 
OXEEXD KETO 


valid /\ 


Ps] | 


Q0-Q8 
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¢ Write Data Flow Through Mode 


_ First read 


twpF 
a sera 
Last read — WINNS Last read 
i tRFF al 
Ba 


=| 


pening 


i 


D0-D8 hoe Mona mre) in valid 
Q0-a8 OK ai XD 


¢ Expansion Out Cycle 1 


Write to last 
physical address 








Ww 

Read from fast 
= physical address 
R j 
XO § § 
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HM63921-20/25/35 
e Expansion Out Cycle 2 (Read Data Flow Through Mode) 


Write to last physical address 


‘ ——]_ physical addross 
R baa Po 


: AS 





e Expansion Out Cycle 3 (Write Data Flow Through Mode) 


Read from last physical address 


os PS —|_phisial cress 
’ i 
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¢ Expansion In Cycle 









ty) t 
XI 
Write to first 
physical address 
W 
Read from first 
physical address 
R 
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H M63941 -25/35/45 — Preliminary 


4K x 9-Bit CMOS Parallel In-Out FIFO Memory 


mM DESCRIPTION 


The HM63941 is a First-In, First-Out memory that utilizes a high 
performance static RAM array with internal algorithm that controls, 
monitors and declares status of the memory by empty flag, full flag 
and almost-full flag, to prevent data overflow or underflow. 

Expansion logic warrants unlimited expansion capability in width 
and depth. Both read and write are independent from each other and 
their corresponding pointers are designed to select the proper loca- 
tions out of the entire array serially without address information to 
load or unload data. 

Data is toggled in and out of the device through the use of the write 
enable (W) and read enable (R) pins. The device has a read/write 
cycle time of 35/45/60ns. Organization of HM63941 provides a 9-bit 
data bus. the ninth bit could be used for control or parity for error 
checking at the option of the user. The HM63941 is fabricated using 
the Hitachi CMOS 1.3micron technology. The device is available 
in DIP. 


@ FEATURES 


e First-In, First-Out Dual Port Memory 

e 4k x 9 Organization 

¢ Low-Power CMOS 1.3micron Technology 

e Asynchronous and Simultaneous Read and Write 

© Fully Expandable in Depth and/or Width 

© Single 5V (+ 10%) Power Supply 

¢ Empty and Full Warning Flags 

e Almost-Full Flag 

*-ACCeSS Time): 3:2 tev ieee AG Nines Eases 25/35/45ns 
* PACKAQG. J tieiscrawe our tee ieee ees 28-pin DIP Package 


M@ ORDERING INFORMATION 


Access Time 





Type Name Package 












HM63941P-25 25ns 
HM63941P-35 35ns 28-pin Plastic DIP 
HM63941P-45 45ns 
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(Top View) 


@ PIN DESCRIPTION 


Pin Name 
Do-Dg 
RS 


WwW 
R 
FL 


Function 
Data inputs 
Reset 
Write enable 
Read enable 
First load 
Retransmit 
Expansion-in 
Expansion-out 
Almost-full flag 
Full flag 
Empty flag 
Data outputs 





HM63941-25/35/45 
@ ABSOLUTE MAXIMUM RATINGS 


fem Uni 
Terminal Volage™ v 
Power Dissipation _ W 
Operating Temperature °C 
Storage Temperature °C 
Storage Temperature Under Bias °C 


NOTES: 1. Relative to Vss. 
2. -3.5V for pulse width < 10ns. 


@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to +70°C) 







Parameter 


Supply Voltage 


Input Voltage 


NOTE: 1. -3.0V for pulse width < 10ns. 


@ DC CHARACTERISTICS (T, = 0°C to +70°C, Voc = 5V + 10%) | 





Parameter Symbol] Test Conditions | Min. | Typ. | Max. | Unit 
Input Leakage Current Voc = 5.5V, Vin = OV - Voc | — | — | 2 | aA 
Output Leakage Current R = Vin» Vout = OV - Voc fF — |} — | 2 | pA 

z mA 
Operating Power Supply Current oe il tel ees Hee Oe 

| Toco _| R = W = RS = FLIRT = Vij | — | — | 0 | ma 

Standby Power Supply Current | Isp | All Inputs = Voc-0.2Vors Vcc | — | — | 1 | mA 
Output High Voltage [Vou [lon=-mA Sst a | | LCV 
Output Low Voltage | Vou [lo =8mA CE HEH LO 
@ CAPACITANCE (T, = 25°C, f = 1MHz) 


Param Symbol_[ Test Conditions | Typ. | Max [Un 
Input Capacitance To | v= | — | ™_ 
Output Capacitance [Con | Vou = ov | — | Tad 


@ AC CHARACTERISTICS (T, = 0°C to 70°C, Voc = 5 + 10%) 
¢ Test Conditions 


¢ Input Pulse Levels: Vgg to 3.0V © Input Rise and Fall Times: 5ns 
¢ Input and Output Timing Reference Level: 1.5V © Output Load: See Figure 


+5 V 
4800 





30 pF * 





Output Load 


*Including scope and jig. 
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HM63941-25/35/45 





* Read Cycle 
a = 
| Min. | Max. | | Min. | Max. | Min. | Max. 
Read Cyete Tine rac fs | = |e | - | | — | 
Aecess Time ae ee a 
Read Recovery Tine EO, 
Read Pulse Width eae a 
Read Law to DB Low Z a a Sa WO 
Read High o DB High Z fe am a 
Data Valid from Read High | ton [8 | — | s | - | 3 | — | ™ 
© Write Cycle 
Mesos | 
situa Symbol |"vain. | Max. | Min. | Max. | Min. | Max. | O™ 
Write Cycle Time 35 45 | — | 0 | — | os 
Write Recovery Time 10 — o | — | 6 | — | os 
Wit Pulse Width cee A a el 


e Reset Cycle 









































ae ae 
| Min. | Max. Min. Max. Min Max. 
Reset Cycle Time a 
Reset Pulse Width Sr a 
Reset Recovery Time | 0 | — | | 6 { — | 
e Retransmit Cycle 
means HM63941 -25 HM63941-35 HM63941-45 | 
Min. | Max | Min. | Max] Min, | Max. 
Reiransmit Cycle Time ie he Ok ioe | 
Retransmit Pulse Width Sh nik hoe eee ee 
Retransmit Recovery Time | — | Pp — | bp | — | 
* Flag Timing 
| 
cease symbol aes Max. | Min. | Max. | Min. | Max. | o™ 
Reset to Empty Flag Low eh ee ee ee 
Read Low wo Empty FlagLow | ter | — | 25 | — | 38 | — | 43 | 1s 
Read High o Full Flag High | wer _| — | 25 | — | 35 | — | 45 | 1s 
Write High to Empty Flag High | wer | — | 25 | — | 35 | — | 45 | 1s 
Write Low to Full Flag Low Bc Dae el ae ee 
Write Low to Almost-Full Low | twar | — | 30 | — |. 40 | — | 55 | ns 
Read High to Almost-Full High tar | — | 30 | — {| 40 | — | 55 | ns 
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HM63941-25/35/45 
SIGNAL DESCRIPTIONS 
Inputs 


¢ Reset (RS) 
The device is reset whenever RS input is taken to 
low state, for minimum reset pulse width. When 
device is reset, both read and write pointers are 
set to the first location. A reset cycle is required 
after power on. Both read enable (R) and write 
enable (W) inputs must be in the high state during 
reset. Empty flag (EF) will go low and full flag (FF) 
and almost-full (AF) will go high during reset cycle. 


Write enable (W) 

Write cycle is initiated at the falling edge of W, if 
the full flag (FF) is not set, provided that data set- 
up and hold time requirements relative to the ris- 
ing edge of (W) are met. Data is stored in the de- 
vice sequentially and independently of any simul- 
taneous read operation. To inhibit further write op- 
erations and prevent internal data overflow full 
flag (FF) will go low. 


Read enable (R) 

Read cycle is initiated at the falling edge of R, if 
the empty flag (EF) is not set. Data is accessed on 
a first-in, first-out basis independently of simulta- 
neous write operation. As read enable (R) goes 
high, all outputs will return to high impedance 
state, till next read operation. After the last data 
has been read from the FIFO, the empty flag (EF) 
will go low, preventing further read operations with 
output kept in high impedance state. Empty flag 
(EF) will go high during a valid write cycle (twer), 
thereafter a valid read can start. 


First load/retransmit (FL/RT) 

For depth expansion mode, this pin is grounded to 
indicate that it is the first device, while this pin of 
the rest of devices should connect to Vcc for cor- 
rect operation. In single device mode, this pin re- 
sets the read pointer to the beginning of the FIFO 
memory, therefore data can be reread from the 
beginning. Both R and W should be kept high 
while RT is taken low. 


Expansion-in (xl) 

For single device mode expansion-in (Xl) is 
grounded. For depth expansion mode, 
expansion-in (Xl) should be connected to 
expansion-out (XO) of previous device. 


¢ Data In (Do to Dg) 
Data inputs for 9-bit wide data. 


Outputs 


* Full Flag (FF) 
The full flag (FF) will go low when FIFO is full, 
inhibiting further write operations until one or 
more read operations are completed or the FIFO 
is reset. 

¢ Empty flag (EF) 
The empty flag (EF) will go low when the FIFO 
becomes empty, inhibiting further read opera- 


tions, until one or more write operations are com- 
pleted, or FIFO is set to retransmit. 


¢ Expansion-out (XO)/Almost-full flag (AF) 

This output has dual functionality depending how 
it is used. In depth expansion configuration 
expansion- -out (XO) is connected_to next 
expansion-in (XI). The expansion-out (XO) of the 
last FIFO is connected to the expansion-in (XI) of 
the first FIFO. In this way the first FIFO indicates 
the next FIFO that it will receive the next data. In 
like manner, any FIFO which becomes full will indi- 
cate the next FIFO that it will receive the next data. 
The second function of this output is in stand 
alone and/or paralle! expansion configurations to 
indicate the system user that the FIFO is almost 
full. 


¢ Data outputs (Qo to Qs) 
Data outputs for 9-bit wide data. These outputs 
are in high impedance state when R is in high 
state. 


VARIOUS OPERATIONS MODE 


¢ Single device mode 
If only one FIFO is used, the expansion-in (XI) pin 
should be grounded. 


¢ Width expansion mode 

Width expansion by 9-bit increments may be 
achieved when separately paralleling the data in- 
puts and the data outputs. In this configuration 
any flags of any device may be used. To avoid 
output contention of the flags for short periods of 
time, the flag outputs should not be wired to- 
gether. 


e Depth expansion mode 

Multiple of FIFOs could provide multiple of 4k x 9 

as (N) x (4k) by 9-bits wide, where N is the num- 

ber of FIFOs connected in depth expansion 
mode. 

The following arrangement must be provided. 

1. First load (FL) of the first FIFO should be con- 
nected to ground. 

2. All other (FL) should be connected to Voc. 

3. Connect the expansion-out (XO) of each FIFO 
to expansion-in (XI) of the next FIFO serially 
and XO of the last FIFO to XI of the first FIFO. 

4. Connect all the empty flag (EF) together to OR 
gate and connect all the full flag (FF) together to 
OR gate to obtain two separate valid empty flag 
(EF) and full flag (FF) outputs. 

5. (RT) and (AF) will not be available in this mode. 

¢ Compound expansion mode 

Combination of width and depth expansion 

modes will provide larger FIFO arrays. 
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HM63941-25/35/45 


@ TIMING WAVEFORM 
e Read Cycle 


al 


Q0-Q8 





e Write Cycle 


Ww 
tos tbH 
DO-D8 | Data in valid | Data in valid 





* Reset Cycle 


aes tas 
‘ —, 
WwW 
tEFL 
EF 


NOTES: 1. W =R = Vy during reset. 
2. trsc = trst, tRsR. 
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HM63941-25/35/45 


¢ Retransmit Cycle 


tr 


ae aa 
R, 


¢ Full-Flag Cycle (From Last Write to First Read) 


= 


Last write First Read Additional reads First Read 





¢ Full-Flag Cycle (Effective Write Pulse Width After FF High) 


R 
tRFF 
<> 
FE 
twew 
WwW 
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HM63941-25/35/45 


¢ Empty-Flag Cycle (From Last Write to First Read) 


Last Read First Write Additional First Read 
Ww Writes 
: | 7 VY 
R 


trer 
. = 


ta 


Data Out <e ep <v, i? 


¢ Empty-Flag Cycle (Effective Read Pulse Width After EF High) 





Ww 
tWEF 
<<} 
EF 
tRew 
R 


¢ Almost-Full Flag Cycle 


Write=Read+4079 Write=Read+4080 Write=Read+4079 


Ww 


aI 
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Section 3 
Cache Static RAM and 


Fast SRAM Modules 


@ HITACHI’ 
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HM62A168/HM62A188 Series — Preliminary 


@ PIN-OUT 


Direct Mapped 8,192-Word x 16/18-Bit 
2-Way 4,096-Word x 16/18-Bit Static Cache RAM 


@ DESCRIPTION 


The Hitachi HM62A168/HM62A 188 is a high speed 128/144-kbit 
static cache RAM organized as 2-way set associative 4k x 16/18 or 
direct mapped 8k x 16/18. By using two HM62A168/HM62A 188 with 
Intel’s 82385 cache controller a high performance 80386 system can 
be achieved. 

The HM62A168/HM62A 188, packaged in a 52-pin PLCC is availa- 
ble for high density mounting. 


m@ FEATURES 


© Meets INTEL 82385 cache memory controller 
e High Speed 
Access: TimM@ 0. ssh kveelseaiwria ed dawns 25/35/45ns (max.) 
e Address Latch 
e Pin Programmable for 8k x 16/18 or 2-Way 4k x 16/18 


@ ORDERING INFORMATION 





Package 








HM62168CP-25 
HM62168CP-35 
HM62168CP-45 


HM62188CP-25. 
HM62188CP-35 
HM62188CP-45 







52-pin PLCC 






52-pin PLCC 





@ BLOCK DIAGRAM 
Topology Two-Way Set Associative (MODE = Logic Low) 
Way A 


DO to D1S/and DPO, DP1 


DO to D15/and OPO, DP1 
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(CP-52) 


@ PIN DESCRIPTION 


Pin Name 
CALEN 


MODE 
Ao to Ay2 
CSp, CS, 
COEA, COEB 
CWEA, CWEB 
Do to Dis 
CE 


NC/DPo, DP; 


@ PIN ARRANGEMENT 


Function 


Cache Address 
Latch Enable 


Mode Select 
Address 
Cache Chip Select 
Cache Output Enable 
Cache Write Enable 
Data Input/Output 
Cache Chip Enable 


No connection 
Parity Input/Output 





(Top View) 
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HM62A168/HM62A188 Series 


@ FUNCTION TABLE 
© Two-Way Mode (Mode = High) 2-4K x 16/18 


(aad Load Asad Usd Usd Acad fod cd cad ced Ud cod cad ced Ud cad Fd 2 


e Direct Mode (Mode = Low) 8K x 16/18 


re] eyelet | | oe] | Q] 


i) 
~” 
3 


2 
n 
raf 


ina Signal 
Cs, | COEA 
a 
ee a a 
aw |. | a ta | Owe | nigh 
SN Gel Ta 
pt | wo] bo | HOT HR | Highz | Output | 
utp Output 
eo 
aoe [x |e] ete | ghz 
OS OD 
Sa oe a 
a a 
a SSO 
ae ale 
ae 
ex x |e |e | Big [tape 

Inpt Signal 
TS | GOEA | CORE 
Hox ox xx iH 
xe igh 
a a a 
a a 
a a 
ea SO a 
ie A 
aS 








@ ABSOLUTE MAXIMUM RATINGS 


Item 

Voltage on Any Pin Relative to Vgs 
Power Dissipation 
Operating Temperature Range 

Storage Temperature Range 

Storage Temperature Range Under Bias 
1. Vin min. = -2.5V for pulse width < 10ns. 


NOTE: 


312 














Symbol 
D500 470 
12 


T 


© HITACHI 


Function 


Disabled 
Disabled 
Read Way A 
Read Way B 
Read Way A 
Read Way B 
Read Way A 
Read Way B 
Write Way A 
Write Way B 
Write Way A 
Write Way B 
Write Way A 
Write Way B 
Write Way A & B 
Write Way A & B 
Write Way A & B 


Function 


Disabled 

Disabled 

Disabled 
Read Do to Dz 
Read Dg to Dis 
Read Do to Dis 
Write Do to D7 
Write Dg to Djs 
Write Do to Dys 


Unit 
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HM62A168/HM62A188 Series 


@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to 70°C) 







Supply Voltage 







Input High (Logic 1) Voltage 
Input Low (Logic 0) Voltage 
NOTE: 1. Vit min. = -2.0V for pulse width < 10ns. 


™@ DC CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 10%, Vsg = OV) 


Synbo Min [Typ [Max 
Voc = Max., Vin = Vss to Vec 


| tu | — | 
CS = Vin 
Vio = Vss to Vcc 
| — | 














Parameter 
Input Leakage Current 







Output Leakage Current 


Operating Power Supply Current 





Tu 

ILo 

I Vin = OV/Vcc, Ivo = OmA 

CC | Min. Cycle, Duty = 100% 
Oupat Low Wohage 
Output High Voltage low = -1.0mA 2.4 


NOTE: 1. Typical limits are at Vcc = 5.0V, Ta = +25°C and specified loading. 








M@ CAPACITANCE (T, = 25°C, f = 1MHz)()) 
Parameter 
Input Capacitance 
Input/Output Capacitance 
NOTE: This parameter is sampled and not 100% tested. 





@ AC CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 10%, unless otherwise noted.) 
¢ Test Conditions 


¢ Input Pulse Levels: Vcg to 3.0V © Input Rise and Fall Times: 3ns 
© Input and Output Timing Reference Levels: 1.5V © Output Load: See Figures 


Vcc Vcc 


10002 10000 


100 pF* 5 pF * 


Output Load A Output Load B 
*Including scope and jig. 
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HM62A168/HM62A 188 Series 


¢ Read Cycie 


HM62168-25 HM62168-35 HM62168-45 
Parameter Symbol HM62188-25 HM62188-35 HM62188-45 
| Min. | Max. | Min. | Max. | Min. | Max. 
Read Cycle Time | ee | 25 { — {| 3 | -— [| 4 | — | 
Address Access Time | ta | — | 3 | -— | 35 | - [| 46 
Ai Address Access Time pti il A) a 5 |e) 30 
Chip Select Access Time ftcstce | — | 2 | — | 2 | — [ 30 | 
Output Enable to Output Valid | toe | — | © [ —- | Bl - [ 6 
Output Hold from Address Change | tow | 3 | — | 3 | — | 3 | — | 
Chip Select to Output Low-Z roe ioe ee es ee ee 
Output Enable to OutputLow-Z_— | torz | 2 | — | 2 | — | 2 | — | 
Chip Deselect to Output inHighZ {| _tyz | — | 1 | — | 25 | — | 30 | 
Output Disable to Output HighZ | towz | — | 1 | — | 4 | — [ ¥ | 
Address Latch Enable Pulse Width | tcaren | 8 | — | 1 | — | 5 | — | 
Address Setup to Latch Low re ee ee ee ee ee ee 
Address Hold to Latch Low en ee i ee 
¢ Read Timing Waveform (1) (CWE = High, COE = Low, CS = Low) 
tCALEN 
CALEN tasL tAHL 
: el 
Address err a 
tAA 
Ct 
CO 155 Sua Va 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


HM62A168/HM62A 188 Series 


¢ Read Timing Waveform (2) (CWE = High, COE = Low, CS = Low) 


tce 

tasL 
- Ee 5 
A0-A11 ee Address AO-A11 Valid 

taA 

ae ——_— 
Dout/ q ; 
DPO, DP1 a ae ateivalld 


e Read Timing Waveform (3) (CWE = High) 





tCALEN 


| 
| 


CALEN 





tasL 

Address External Address Valid | 
taa 

CS, CE 


| 


tuz 


COE rl 4 


iN 
ames touz 
- a 
D 


DPO. DP4 ata Valid 


© HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 315 


HM62A168/HM62A188 Series 


© Write Cycle 

Ea HM62168-25 HM62168-35 

| Min. | Max. | Min. | Max. | Min. | Max. | 
Write Cycle Time | we | 2 | — | 35 | — | 4 | — | om 
Address Valid:to End of Write tw | # | — {| 2 [| — | 40 [ — [| os 
Ap Valid to End of Wait teas WS ree [eee ee a 
Chip Select to End of Write | tw | 8 | — | 2 {| — | 30 [ — | ns 
Data Valid to End of Writ ce ee ee 
Data Hold from End of Write ee ee ee a 
Write Enable Active to High-Z | twaz | — | 6b [| — | 56 | — | 20 | ns 
Write Enable Inactive to Low-Z | wiz | 3 | — | 3 | — | 3 [ = | ns 
Write Pulse With i ee < D 
Address Setup Time ee =a ae Sa 
Wiite Recovery Time es ed 
Address Latch Enable Pulse Width ltr | 8 | — | © | — | 6b [ = | ns 
Address Setup oLatchiow | tus, | 4 | - | 6 | — | 0 | — [os 
Address Holdto Latch Low | tan [5 | —- [5 | — | 5 | — | o 
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HM62A 168/HM62A 188 Series 


¢ Write Timing Waveform (1) (COE = High, WE Controlled) 


tCALEN 


twe 


| 


Address External Address Valid 


cE SOSA WLLLLLLLLLLLLLL LLL 


WE . a 
A 
tow toy 
Din/ 


OPO, OP OK tae vals KO 
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HM62A168/HM62A188 Series 


° Write Timing Waveform (2) (COE = High, CE Controlled) 


tCALEN 


twe : 


| 


Address External Address Valid 


: 


ta12w 
tas tcp 


m 


we SSS PLLC 
pa OK aa vais KD 
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HM67C932 Series— Preliminary 


8,192-Word x 9-Bit x 4-Row Static Cache RAM 


@ DESCRIPTION 


The Hitachi HM67C932 is a high speed 288-kbit static cache RAM 
organized as 4-way set associative 8k x 9 or direct mapped 32k x 9 
with 4-row selector for burst mode. By using HM67C932 with high 
speed standard microprocessors a high performance computer sys- 
tem can be achieved. 

The HM67C932, packaged in a 44-pin PLCC is available for high 
density mounting. 


@ FEATURES 


© For High Speed Standard Microprocessors 

¢ High Speed Access Capability with Lower 2-address by Selector 

¢ Pipeline Access Capability with On Chip Address and Row Latches 
(Edge Trigger Type Row Latch)* 

¢ On Chip Parity Generator and Checker 


e Organization................. 288-kbit (8-kw x 9 bit x 4 row) 
¢ Drivability for Heavy Load (C, = 100 pF) A\ 

© PLCC 44-pin 

e TTL I/O 


*For cache RAM with transparent row latch, request data sheet HM67B932. 


@ ORDERING INFORMATION 


Access Time 


20ns 
25ns 






Package 








HM67C932CP-20 
HM67C932CP-25 






44-pin PLCC 





@ MAIN CHARACTERISTICS 









Remarks 


Address Access Time (max.) 20/25ns 
Row Select Access Time (max.) 10/13ns 
OE Access Time (max.) 10/13ns 


25/30ns 





Access 
Time 





Cy, = 100pF A\ 



















Clock Frequency 


Cycle Time (min.) 33 ~ 40 MHz 


Power Dissipation (typ.) 
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@ PIN DESCRIPTION 


Pin Name 
ALE 


Ao-Ai2 
RLE 


Ro-R; 
1/Op-1/0; 


V/s 
cs 
WE 
OE 
PC 


PError 


Vec 


Vss 


Vecg 


Vsso 





22 2% 
a 


alulselsla 
Ves WOsVeed¥ssalO, Ws Voc WOsVeca 


(Top View) 


Function 
Address Latch Enable 
Address 


Row Latch Enable 
(Edge Trigger) 





Row 
Data Input/Output 


Data Input/Output 
(Even Parity) 


Chip Select 
Write Enable 
Output Enable 
Parity Control 


Parity Error Output 
(Open Drain) 


Power 
Ground 


Power 
(For Output Transistors) 


Ground 
(For Output Transistors) 
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HM67C932 Series 
™ BLOCK DIAGRAM 








OE 
Ao-12 g 
5 
w 
ad 
a 
ALE £ 
VO 
0~8 
Perror 
WE 
* 
Ro g 
$ 
S 
=] 
a 
RLE £ 
* Edge Trigger 
PC A 
** Open drain 


@ FUNCTION TABLE 
e Truth Table 


CS[OE|WE]PC| Mode | Veg Gurrent | 110 Pn Ref. Gye 


| Dour | High Z or L (Error) | Read Cycle No. 1, 2 

| Din | HighZ | Write Cycle No. 1-5 

| Din | HighZ | Write Cycle No. 6, 7 
Write Cycle No. 





© Input Latch Table 
e Address Latch 






Latch Output Latch Output 
Address Input Row Input 
Previous Address Previous Row 
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HM67C932 Series 


@ ABSOLUTE MAXIMUM RATINGS 


lem Uni 
Voltage on Any Pin Relative to Vss Vv 
Operating Temperature Range °C 
Storage Temperature Range (With Bias) °C 
Storage Temperature Range °C 


m@ RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to +70°C) 






Supply Voltage 







Input Voltage 





NOTE: 1. -3.0V for pulse width = 20ns. 


™ DC AND OPERATING CHARACTERISTICS (Vcc = 5V + 10%, T, = 0 to +70°C, Vsg = OV) 


fem Symbol 


Input Leakage Current Vec = 5.5V, Vin = Vss to Vec 


ca ieee 
CS = Vy or OE = Viq or 

Output Leakage Current WE = Vi. Vise Veq ves Se 
Operating Power Supply Current CS = Vi, Ivo = OmA pees Wr, Sek org 


Average Operating Current Min. Cycle, Duty: 100%, Io = OmA 
Ce 


Standby Power Supply Current CS = Vcc - 0.2V 
Vin = 0.2V or Vin = Voc - 0.2V 
Output Low Voltage Io, = 1l6mA | — | 


Output High Volta V, 
ieee Ton = ~1004A ie ee es 


NOTE: 1. Including PError Output. 








M@ CAPACITANCE (T, = 25°C, f = 1.0MHz) 


Max. 
poe Cin 2 Vin OV = es ee Oe 
Gio | Mir ON gr | I] 
| Cot | Vor = OV | = | = | 








Unit 












Input Capacitance 
Input/Output Capacitance 
Output Capacitance (PError) 
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HM67C932.Series 


@ AC CHARACTERISTICS (Vcc = 5V + 10%, T, = 0 to +70°C) 
e AC Test Conditions 


© Input Pulse Levels: 0.4V to 2.4V ¢ Input Rise and Fall Times: 4ns 
¢ Input Timing Reference Levels: 0.8V, 2.0V © Output Load: See Figure 
® Output Timing Reference Levels: Vo; = 0.8V, 

Vou = 2.0V 


+5V 
, 2192 
Dout 
3002 
3002 100pF: | 5pF* 
V77 


Output Load B 
Output Load A (for toyz, twuz» tonz: teiz> tow & torz) 


50pF* 


+5V 
287Q 
PError 
V7 


Output Load D 
Output Load C (for tap, tLepH> trea» tcpH & topy) 


*Including scope and jig. 
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HM67C932 Series 





* Read Cycle 
a HM67C932-20A\|_HM67C932-25 | |, 
Min, | Max. 
Read Cycle Time tec | 2 | — {| 30 | — | ns 
Row Selector Read Cycle Time | ter «| 6 [ — [| Aw] — | ns 
Address Latch Enable Pulse Width | te | 5 [| — | 7 [| - | ns 
Address Latch Enable Setup Time | te [| 3 [ — | 5 | — | ns 
Address Latch Enable Hold Time | te | 3 | — | 3 | — | ns 
Row Latch Enable Pulse Width i teege CI Soe eth 
Row Latch Enable Setup Time ee ee ee ee ee ns 
Row Latch Enable Hold Time | tee =| 3 [| — | 3 | — | ns 
Address Access Time | ots =| — [20 | — | ns 
Output Hold from Address Change i ee 
Address Latch Enable Access Time | tae =| — {| 20 | — | 25 | ns 
Output Hold from End of Address Latch Hold ee Ee en eee ns 
Row Selector Access Time | ot 6] — [ 0 | — [| BY ns 
Output Hold from Row Selector Change | torn =| OF {| — | 0 [| — | ns 
Chip Select Access Time | tacs =| — [| 20 | — | 25 | ns 
Chip Selection to Output in Low Z F tarz)@ | Oo | — | Oo | = | ns 
Chip Deselection to Output in High Z ltez@ | 0 [| 8 | Oo | 0 | ns 
Output Enable to Output Valid ee ns 
Output Enable to Output in Low Z ftoz)@ | 0 | — | o [| — | ns 
Output Disable to Output in High Z tox @ | 0 | 8 | 0 | 10 | ns 
Address to Parity Error Valid | tar =| — | 25 | — | 30 | ns 
Address Change to Parity Error in High Z | tap? @ | 5 | — | 5 | — | ns 
Address Latch Enable to Parity Error Valid | tipr | — | 25 [| — | 30 | aos 
End of Address Latch Hold to Parity Error in High Z ftepr®@@ | 5s [| — | 5s | — | ns 
Row Selector to Parity Error Valid | ter | — | 6 | — [| 8B | ns 
Row Selector Change to Parity Error in High Z | tee? | 3 | — | 43 | — | ns 
Chip Selection to Parity Error Valid | ter = =6| — | 25 | — | 30 | ns 
Chip Deselection to Parity Error in High Z | top @ | 0 [| — | 0 [| — | ns 
Output Enable to Parity Error Valid | tor | — | 6 | — [| B | ns 
Output Disable to Parity Error in High Z | ton? @ | Oo | — [| 0 | — | ns 


NOTES: 1. Transition is measured + 200mV from steady state voltage with Load B. 
2. Transition is measured + 200mV from steady state voltage with Load D. 
3. This parameter is sampled and not 100% tested. 
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HM67C932 Series 
¢ Timing Waveform of Read Cycle No. 1 (Cache Read Cycle) (1) 


ae moe a Mince 


ow IZLE a. LL 
\ 4) 


° LLL LL} LLL ¢ 
cE SSS of LIZZ 


oS SSXss7““n Mies JLLLLLL LLL LLL 


ee cence 
tas | [| [|| 
| lttaz ——+ | 

panera Sy ee : 

tie fe 4 

pout ee ee ee 


. Data Valid 
High Impedance ie WV 


tcpe 


PError : 
High Impedance N\ PError Valid / 
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HM67C932 Series 


¢ Timing Waveform of Read Cycle No. 2 (Serial Read Cycle With Row Selector) (), (2) 


ALE 


Address 


RLE 


Row 


Dout 


PError 


NOTES: 


tLew 


tLEH 


trcr ni | 
tRew 


tREH 


Hol Canes ZI 
che 
LHe 


Previous x 


ee ‘Ainge Vaid ERE Vali 


Previous PError Valid aa FEE NU bees NY bere, 17 \ J PError 


E vai2 POD 


[ 









{vats OE ve 
> 


tRPE 





tRPH 





1. WE = Vin, PC: Do not care 
2. CS = Vit, OE = Vit 
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Error 
Waits 4 
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HM67C932 Series 


¢ Write Cycle 


Item 
Write Cycle Time 
Chip Selection to End of Write 
Address Setup Time 


Address Latch Enable Setup Time 

Row Selector Setup Time 

Address Valid to End of Write 

Write Pulse Width 

Write Recovery Time 

Write Recovery to End of Address Latch Hold 
Write Recovery to Row Selector Change 

Write to Output in High Z 

Data Valid to End of Write 

Data Valid to End of Write (Parity Generate Mode) 
Data Hold Time 

Output Active from End of Write 

Parity Control Setup Time 

Parity Control Hold Time 


NOTES: 
2. This parameter is sampled and not 100% tested. 


HM67C932-20 | HM67C932-25 


2 
1 


Symbol 


t 

tc 

taLEs 
t 


tLEWR 


tRwR 


twuz) @) 
t 


tow2 


t 
t 
t 


5 
15 
15 
12 
3 
3 
5 

2 
122 


tow()), 2) 
t 
t 


WC 
W 

tas 

AW 

WP 

WR 

DW 

DH 

PW 

PH 


Min. | 
ee 
a 
aa 
fae a 
| 0 
| 0 
esdree! 
| 0 


J 


1. Transition is measured +200mV from steady state voltage with Load B. 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


SS Ab 7C992 Series 
¢ Timing Waveform of Write Cycle No. 1 (Cache Write Cycle) (1), (2) 


Address —— af, YUMMY fj YW 
Row — TO KV, 


Re a 


ea Wy 
touz low 
Dout High Impedance 


towytowe |] toy 
Py 
aa High Impedance +4 pte AX) 


ae 








PC 


NOTES: 1. CS = Vj, PError: Do not care. 
2. Dyg input is not cared with parity generate mode. Parity of written data is not checked. 
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HM67C932 Series 


* Timing Waveform of Write Cycle No. 2. (OE = H, WE Controlled) (7) 


twe 
Address , a> 


tRew 


ee ese 
al ape 
RES pal aa oo tREH 
Row =X) -——F KKK KX 


nt eeencaaaninia joel =. 
cS MAY, WMALLLLLLLL LLL 


tRwR 


= ys 


Din XXXXXXXXXXKKK Data Valid BOK KAKXAKX 


High Impedance 





Dout 


¢ Timing Waveform of Write Cycle No.3 (OE = H, CS Controlled) (7) 
twe 


ae 
RLE 
tl pe Sl 
Ee VY VV VW, Y 


Row XO PROXY {KX 


KIA 
nn 


we Sw yam 
on XXXXXXKRKKKKO seats RXR 


Dout High Impedance 












© HITACHI 
328 Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


HM67C932 Series 
¢ Timing Waveform of Write Cycle No. 4 (OE = Clocked, WE Controlled) (7) 


two 
Address : D 


aS tres os ee aa {L.. tREH 
\/ fae VU YVYVVYVVYVYVV VV VV NB 
Rw XK XX XXX AAA PO 








cs OV MSLLLLL LLL LLL 
We ess FT. 


on Hehe CX beavers XX 
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HM67C932 Series 
¢ Timing Waveform of Write Cycle No.5 (OE = Clocked, CS Controlled) (7) 


two 
eee 


Xm ROOK A PO 


» 


VAVAVAY, 
Row KMAAMAA 
= eh 
a 


= mcd tow | = 
i 0 SC 08 


High impedance 





=| 


Dout 
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HM67C932 Series 
* Timing Waveform of Write Cycle No.6 (OE = L, WE Controlled) (7) 


| 


Address 5 
Gee 
sal pe 

RES =a | He beset REH 
Row > 9 KKK PO 





cS on AINLLLLLLL LLL 
- SS 


toRH | 


SSSSSSSSSSSS SSH 


VAY, 
Dout $LL LLL LL LLL LLL ZK KAL 


tpH 





High Imped 
Din eh mmpsdance ¢ Data Valid K> 
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HM67C932 Series 


¢ Timing Waveform of Write Cycle No. 7 (OE = L, CS Controlled) (7) ° 


two 


Address 





RLE 


Row 


6 econ 


WE SX 0PM I/IIXLI0Z@™_ 


tc 






‘ High Impedance 
Dout rape 


tow tou 


High Imped 
Din — CH Datavaid  KXXXKAXAKKA 


NOTES: _ 1. A write occurs during the overlap (twp) of a low CS and a low WE. 


2. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 


3. Output data is the same phase of write data of this write cycle. 
. If the CS low transition occurs after the WE low transition, output remains in a high impedance state. 


an & 


. If CS is low during this period, I/O pins are in the output state. Then, the data input signals of opposite phase to the 
outputs must not be applied to them. 


6. If CS low transition occurs simultaneously with the OE high transition or after the OE transition, output remains in 
high impedance state. 


7. ALE = Vyy, PC = Vi, PError: Do not care. 
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HB66B1616A-25/35 


16,384-Word x 16-Bit High Speed Static RAM Module @ PIN ASSIGNMENT 


@ DESCRIPTION 
The HB66B1616A is a high speed 16K x 16 Static RAM module, 


mounted 4 pieces of 64K bit SRAM (HM6289JP) sealed in SOJ pack- 1 36 
age. An outline of the HB66B1616A is 36-pin dual in-line package. 2 35 
Therefore, the HB66B1616A makes high density mounting possible 3 34 
without surface mount technology. The HB66B1616A provides com- 4 33 
mon data inputs and outputs. Its module board has decoupling ca- 

pacitors to reduce noise. : 

@ FEATURES 7 30 

e Single 5V (+ 5%) Supply 8 29 

¢ High Speed 9 28 
ACCESS TIMG s «.ésc-tde views toes Vee ienteens 25/35ns (max.) 

e Low Power Dissipation 27 
Active Modes. eac Sasi ices sexeneund exis 1200mW typ. Ag 11 26 
Standby Mode................... 300mW typ. (TTL level) Az 12 25 

0.4mW typ. (CMOS level) DQ, 13 24 

¢ Equal Access and Cycle Time DOs 14 53 

* Completely Static RAM 5 
No Clock or Timing Strobe Required DQ¢ 15 22 

° Directly TTL Compatible: All Inputs and Outputs DQ7 16 21 

CS 17 20 

@ ORDERING INFORMATION GND 18 19 















25ns 
35ns 


mM PHYSICAL OUTLINE @ PIN DESCRIPTION 
Pin Name Function 


Package 


HB66B1616A-25 
HB66B1616A-35 


36-pin dual in-line 
leaded type 





(Top View) 





Address Input 
Data-in, Data-out 
Chip Select 
Write Enable 
Output Enable 


Power Supply (+5V) 


Unit; 2a 
inch 
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HB66B1616A-25/35 
@ BLOCK DIAGRAM 





A0~A13 e——————_> M0~M3 
* MO~M3 : HM6289JP 


WE e———>MO0~-M3 
Vcc =S—— MO~M3 
C0~C5 


GND e——l———__+> mo~m3 


© HITACHI 
334 Hitachi America, Ltd. e Hitachi Plaza * 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 


HB66B1616A 25/35 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Symbol Unit 
Voltage on Any Pin Relative to Vss -0.5() to +7.0 Vv 
tg 


Operating Temperature Range °C 
Storage Temperature Range = ae -55 to +125 2C 
Storage Temperature Range Under Bias -10 to +85 °C 


NOTE: 1. Vin min. = -2.0V for pulse width < 10ns. 


Vi : 

Power Dissipation Py WwW 
T, 
Ts 


@ TRUTH TABLE 









Ref. Cycle 










High-Z 
en a a 
a em a ea ae 
eS = = 


NOTE: X means don’t care. 


Read Cycle (1~3) 
Write Cycle (1) (2) 
Write Cycle (3-6) 







@ ELECTRICAL CHARACTERISTICS 
e Recommended DC Operating Conditions (T,, = 0 to 70°C) 


Parameter Max. [Uni 
nee v 

| VWss | 0.0 | 00 | oOo | V 
Input igh Logic 1) Voltage a a ae eee 
Input Low (Logic 0) Voltage i 


NOTE: 1. Vir min. = -2.0V for pulse width < 10ns. 


@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 5%, Vss = OV) 


Parameter Symbol Typ.) [Max. | Uni 





Input Leakage Current Vcc = Max., Vin = Vss to Vec | -10 | — | 00 | pA 
Output Leakage Current CS = Vins Vio = Vss to Vec ) 2] — | 2 | pA 
: - cs = Vit» Ivo = OmA 

Operating Power Supply Current Min. Cycle 240 480 | mA 

Standby Power Supply Current CS = Vyy Min. Cycle | — {| 60 | 120 | mA 
CS = = Vcc -0.2V 

Standby Power Supply Current (1) OV s V;, <= 0.2V or 0.08 mA 
Vin 2 Vec -0.2V 

Output High Volage [Vou [lon=-4maSSSSCSC~id Ow | CP 

Output Low Voltage Io, = 8mA | — | 04 | Vv 


NOTE: 1. Typical limits are at Vcc = 5.0V, Tz = +25°C and specified loading. 


M@ CAPACITANCE (T, = 25°C, f = 1MHz)() 


Parameie Symbol 


Input Capacitance (Address, CS, OE, WE) 
Input/Output Capacitance (DQ) Vio = OV 
NOTE: 1. This parameter is sampled and not 100% tested. 
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HB66B1616A-25/35 


@ AC CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 5%, unless otherwise noted.) 


* Test Conditions 
¢ Input Pulse Levels: Vg to 3.0V 


© Input and Output Timing Reference Levels: 1.5V 


Dout 


2550 


Output Load A 


*Including scope and jig capacitance. 
¢ Read Cycle 


Parameter 


Read Cycle Time 

Address Access Time 

Chip Select Access Time 

Chip Selection to Output in Low-Z 
Output Enable to Output Valid 

Output Enable to Output in Low-Z 
Chip Deselection to Output in High-Z 
Chip Disable to Output in High-Z 
Output Hold from Address Change 
Chip Selection to Power Up Time 
Chip Deselection to Power Down Time 


© Input Rise and Fall Times: 5ns 
© Output Load: See Figures 


+45 V 


ar 4800 
2550 5 pF * 


Output Load B 
(for toyz, terz, tonz, torz» twuz & tow) 


HB66B1616A-25 HB66B1616A-35 
Symbol 


35 


35 


| Min. | 
| 35 
sed 
| = | 35 
a 
| 0 


t 

tacs 
terz) 
to 


| Min. | 
25 
| - | 
| — | 
wz | 0 | 
| 0 
| oT 
| 0 
heen 


5 


| Max. | 
ae 
SS 
eae ae 
ae 
Peed 
heey 


15 


ee 
NL 


oe 
or 

Poo 
es 


trc 
AA 
tor 
tonz\) 
ton 
tpy 
tpp 


30 


NOTE: 1. Output transition is measured + 200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 
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Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


HB66B1616A-25/35 


¢ Read Timing Waveform (1) (+) 


trac 
Address Ca 


CE RXYYVQOAnns gee: 


lee 
cs NY ss a DMLLLLLLLLL 2 
aa a are aan 


7 oe 


e Read Timing Waveform (2) (1) (2) (4) 


Address 


Dout 


Dout 


Vcc supply 
current 





NOTES: 1. WE is high for read cycle. 
2. Device is continuously selected, CS = Vy. 
3. Address valid prior to or coincident with CS transition low. 
4. OE = Vit. 
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HB66B1616A-25/35 


e Write Cycle 
Parameter symbot | Hee a nee Unit 
Write Cycle Time | twe | 25 | — | 35 | = | ns 
Chip Selection to End of Write | tw | 2 | — [| 30 [| — | ns 
Address Valid to End of Write | tw | 20 | — | 30 | — | ‘ns 
Address Setup Time | ts [| o | — | o | —~ | ms 
Write Pulse Width | twe | 20 | — | 30 | — | os 
Write Recovery Time | wwe | o | — | o [| —~ | os 
Output Disable to Output in High-Z. | tor | 0 | 10 | Oo | © | os 
Write to Output in High-Z Fw | 0 | 8 | o | 0 | m 
Data to Write Time Overlap | tw | 2 | — | 2 | — | ns 
Data Hold from Write Time | ty | oF [| — | o [| — | ns 
Output Active from End of Write L tw) | 5s | — | 5 [| — | ns 


NOTE: _ 1. Output transition is measured +:200mV from steady state voltage with Load (B). 
This parameter is sampled and not 100% tested. 


¢ Write Timing Waveform (1) (OE = H, WE Controlled) 


Address 


= bse pains | 


VYUYVYVYVYVYYVVYVYVVVVY eee VV VV 
Datain = XXXXXX AAA XK 


High Impedance 


H 


Dout 
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HB66B1616A-25/35 
¢ Write Timing Waveform (2) (OE = H, CS Controlled) 


two 
a a ey 
EE SSS SS YY 


Datain = XXXXKXAAXAA> K pas ves > OK 
High Impedance 
Dout 


* Write Timing Waveform (3) (OE = Clocked, WE Controlled) 


Address 


OE ee ee 


cs SSS : MILLLLLLLLLLL 
peor ais 


zat OE pits 
. Sama | 
touz ‘3 toiz 
Dout High Impedance : 
tow toH 


5s ~<K baavad «KD 


L\ 
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HB66B1616A-25/35 


¢ Write Timing Waveform (4) (OE = Clocked, CS Controlled) 


Address 





OE 

cS 

me WFLX 
on DK eaves XD 

at High Impedance 
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HB66B1616A-25/35 
¢ Write Timing Waveform (5) (OE = L, WE Controlled) 


ty 
—— 
NS ——— 


4: is ea 
E RS 


Address 


N 
twuz °*3 tou 


Dut = _- >> >>> >>>» a KD KKK 
Din High Impedance A aavaa SS 5 
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HB66B1616A-25/35 


* Write Timing Waveform (6) (OE = L, CS Controlled) 





e G “nee, 
i 

- a 

me SOY OWYZEZZ 


tcLz 


High Impedance 
Dou CO 
tow tou 


din XXXXXXXX) OK aa vad KXXXXKEKY 





NOTES: 


— 


. A write occurs during the overlap of a low CS and a low WE (twp). 

2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phase to the output must not be 
applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 

buffers remain in a high impedance state. 


5. If CS is low during this period, I/O pins are in the output state after tow. Then the data input signals of opposite phase 
to the outputs must not be applied to them. 


6. Dout is the same phase of write data of this write cycle, if twr is long enough. 


7. If the CS low transition occurs simultaneously with the OE high transition or after the OE transition, the output 
buffers remain in a high impedance state. 
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HB66A2568A-25/35 


262,144-Word x 8-Bit High Speed Static RAM Module 
@ DESCRIPTION 


The HB66A2568A is a high speed 256K x 8 Static RAM module, 
mounted 8 pieces of 256K bit SRAM (HM6207HUJP) sealed in SOJ 
package. An outline of the HB66A2568A is 60-pin zigzag in-line 
package. Therefore, the HB66A2568A makes high density mounting 
possible without surface mount technology. The HB66A2568A pro- 
vides separate data inputs and output. Its module board has decoup- 
ling capacitors to reduce noise. 


@ FEATURES 
¢ Single 5V (+ 10%) Supply 
¢ High Speed 
ACCOSS TIMG 2 :iice eine at cS io ae ee ees 25/35ns (max.) 
¢ Low Power Dissipation 
Active Mode ............-..0 eee cece ees 2400mW typ. 
Standby Mode.................--. 800mW typ. (TTL level) 
0.8mW typ. (CMOS level) 
¢ Equal Access and Cycle Time 
¢ Completely Static RAM 
No Clock or Timing Strobe Required 
¢ Directly TTL Compatible: All Inputs and Outputs 


lM ORDERING INFORMATION 


25ns 
35ns 


@ PHYSICAL OUTLINE 














Package 






HB66A2568A-25 
HB66A2568A-35 


60-pin zigzag in-line 
leaded type 


87.63 + 0.25 
3.450 + .010 


Seating 
plane 


+ 0.10 
9.25 "0.05 


+ 00. 
o10* ay 


250 REF 2,54 + 0.30 


80.01 REF 
3.150 REF 
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@ PIN ASSIGNMENT 


Vss 
PD1(GND) 












Function 
Address Input 





Data-out 
Chip Select 
Write Enable 
Power Supply (+5V) 








Non-connection 
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HB66A2568A-25/35 
@ BLOCK DIAGRAM 


CSi CS2 


pp 
ADD =e 


D2 
Q2 


D4 
Q4 


D6 
Q6 





Vcc 
C0~C7 MO~M7 


* MO~M7 : HM6207HJP 
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HB66A2568A-25/35 
@ ABSOLUTE MAXIMUM RATINGS 


Parameter Value Unit 
Voltage on Any Pin Relative to Vg Vv 
Power Dissipation ie Oa 
Operating Temperature Range °C 
Storage Temperature Range °C 
Storage Temperature Range Under Bias °C 


NOTE: 1. Vin min. = -2.5V for pulse width < 10ns. 


@ TRUTH TABLE 

















Ref. Cycle 


Not Selected High-Z 
ee ete et Dee 


NOTE: X means don’t care. 


I 


Read Cycle 
Write Cycle 









@ ELECTRICAL CHARACTERISTICS 
¢ Recommended DC Operating Conditions (T, = 0 to 70°C) 





Parameter Symbol | Min. | Typ. Unit 
ean Vv 
ge 
Vss_| 00 | 00 | 00 |v 
Input High (Logic 1) Voltage | vm | 22 | - | 60 | Vv 
Input Low (Logic 0) Voltage Vit -0.5(1) | = =| 08 | Vv 
NOTE: 1. Vit min. = ~2.0V for pulse width < 10ns. 
@ DC ELECTRICAL CHARACTERISTICS (T, = 0 to 70°C, Voc = 5V + 10%, Vss = OV) 
Parameter Symbol] Test Condivon | Min. | Typ. [Max. | Unit 
Input Leakage Current Vcc = Max., Vin = Vss to Voc | -10 | — | 10 | pA 
Output Leakage Current CS;, CS) = Vin, Vyo = Vss to Voc | -10 | — | 10 | pA 
: CS), CS, _ Vit; Ivo = OmA 
Operating Power Supply Current Min. Cycle, Duty = 100% 480 mA 
Standby Power Supply Current | — | 160 | 320 | mA 
CS;, CS) = = Voc -0.2V 
Standby Power Supply Current (1) OV < Vi, < 0.2V or 0.16 mA 
Vin = Vcc -0.2V 
Ouipat High Voliage "Vou [lon=—4ma—SCSC~—‘i Ow | YT 
Output Low Voltage Vor | Jo. = 8mA | — | — | oa] v 


NOTE: 1. Typical limits are at Vcc = 5.0V, Ta = +25°C and specified loading. 


@ CAPACITANCE (T, = 25°C, f = 1MHz)() 


Parameier [Symbol | Test Conditions [ Min. | Max._| Unit 
Input Capacitance (Address, WE) | Cy |  Va=0v | — | wm | pF 
Input Capacitance (C5) [tp | Va=ov | — | 4 [oF 
Input Capacitance (Data in [ce | Vn=ov | — | 2 | oF 
Output Capacitance (Data out) Vout = OV | — | 6 pF 


NOTE: 1. This parameter is sampled and not 100% tested. 
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@ AC CHARACTERISTICS (T,, = 0°C to 70°C, Vec = 5V + 10%, unless otherwise noted.) 
¢ Test Conditions | 
¢ Input Pulse Levels: Vss to 3.0V ¢ Input Rise and Fall Times: Sns 


¢ Input and Output Timing Reference Levels: 1.5V © Output Load: See Figures 
45V +5 V 


4809 Dout ag08 


30 pF * 2550 5 pF * 


Output Load B 
Output Load A (for tyz, tiz, twz & tow) 





*Including scope and jig capacitance. 


° Read Cycle 
HB66A2568A-25 HB66A2568A-35 


mane me in. T ax. [Mins [Max 
Read Cycle Time a Oa De 
Address Acoess Time bia fc ee Se 25 ll ceee aoe 
Chip Select Access Time | tacs | — | | — | 
Output Hold from Address Change | tex | 5 | — [| 5 | = | 
Chip Selection to Output in Low-Z tz) | 5 | — | 5 | =— | 
Chip Deselection to Output in High-Z | tz) | oF | 2 | OF | 2 | 
Chip Selection to Power Up Time | ty | OF | — | OF | — | 
Chip Deselection to Power Down Time | tp | — | Bb | — | 25 | 


NOTE: 1. Transition is measured + 200mV from steady state voltage with Load (B) 
This parameter is sampled and not 100% tested. 
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¢ Timing Waveform of Read Cycle (1) (1) 2) 


Address 


Dout 


Dout 


Vec supply 
current 





NOTES: 1. WE is high for read cycle. 
2. Device is continuously selected, CS = Vir. 
3. Address valid prior to or coincident with CS transition low. 
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e Write Cycle 


HB66A2568A-25 HB66A2568A-35 


oe Sate meen IM (one 
Write Cycle Time Tee ee es 
Chip Selection to End of Write | tw | 2 | — | 30 | — | 
Address Valid to End of Write | tw | 20 | — | 30 | — | 
Address Setup Time ae ee ee ee ee 
Write Pulse Width | twe | 20 | — | 30 | - 
Write Recovery Time 2 ee ee ee ee 
Data Valid to End of Write | tw | 6 | — | 20 | - 
Data Hold Time | ton | 9 | = | 8 
Write Enabled to Output in High-Z | twz) | o | 8 | o | 0 | 
Output Active from End of Write | tw? | o | — [| o | — | 

NOTE: 1. Transition is measured +200mV from high ae voltage with Load (B). 


348 


This parameter is sampled and not 100% tested. 
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¢ Timing Waveform of Write Cycle (1) (WE Controlled) 


| 


Address 


RAXSs 


If 


Din XXXXKKAKAKAKAAAK AAA eee, RAK XXX 
ton “4 


twz 





Dout ZTivliccitliiiiciéetiéem igh Impedance LZVIVIVINIZZ 
N ANNAN SNANANNNAANASSA AAYVYWIRA 
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* Timing Waveform of Write Cycle (2) (CS Controlled) 


two 


era 
‘omen aware aaa 


Address 


WE SFE 


. YYYYYYVYYVYYVYVYVVYYVY YYVYV YY 
pin XXXXXXXXXXXXXXXOOK data invaia KX XXKXXKX) 


High Impedance °3 





Dout 


NOTES: 1. A write occurs during the overlap of a low CS and a low WE. 
2. twr is measured from the earlier of CS or WE going high to the end of write cycle. 


3. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output 
buffers remain in a high impedance state. 
4. Dout is the same phase of write data of this write cycle, if twr is long enough. 
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2K Entry TAG Memory for Cache Sub System 


The HM644332 TAGM is a 2048-entry tag memory 
fabricated with CMOS technology. It supports 
compact cache systems with 2-way or 4-way set 


Features 


¢ Programmable organization: 512-entry x 4-way or 
1024-entry x 2-way 


¢ Memory organization: 512 words x 98 bits 
98 bits = (20 tag bits + 1 parity bit + 2 validity bits) x 
4 ways + 6 LRU bits 


Fast access time: 25/30 ns max from address inputs, 
18 ns max from tag data inputs 


* Single + 5 V supply 


Ordering Information 


associativity and a high level of performance for 
32-bit microprocessor systems, when used to- 
gether with fast static RAMs as data RAMs. 


¢ TTL-compatible inputs and outputs 

¢ LRU (least recently used) replacement algorithm 
e Purge functions (all purge and partial purge) 

¢ Internal parity generator/checker 


© 64-pin pin-grid-array 


Access Time 
Part No. From Address From Tag Data Package 
HM644332G-25 25 ns 18ns 64-pin PGA 
HM644332G-30 30 ns 18ns 
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Pin Arrangement 








@QO00Q0000 Q om ®) 
9 © A 2 BW m4 OB 27 28 
OO0OQO0000000 
18 SI s 8 S 5S 6 SF 3S 
OO 00 
177 8 9 X 
(ome) 00 
16 49 oO Hv 
g ° Bottom view 2 2 
00 00 
14 «(47 6 38 
(ome) 00 
13 46 6 
00 OO 
1 4 & 35 
66 0066 
Wo 4 3908 KH 
O 000 © 
10 9 4 3 2 1 
Pin No. Function Pin No. Function Pin No. Function 
1 N.C. 23 A, 45 TD, 
2 MHIT 24 A. 46 TDy 
3 HIT,/REP, 25 A, 47 Voc 
4 HIT,/REP, 26 Ay 48 TD, 
5 HIT,/REP, 27 N.C. 49 TD, 
6 TD, 28 N.C. 50 TD,, 
7 TD, 29 PINV 51 TDi 
8 EXTH 30 SBLK 52 Ay 
9 MHENBL 31 SB, 53 A, 
10 N.C. 32 INH 54 Veg 
1 TD, 33 INVL 55 A, 
A 








19 N.C. 41 TD, 63 RLATCH 
20 N.C. 42 TD, 64 PERR 
21 A, 43 TD, 
22 A, 44 TD, 
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Pin Description 


Symbol Pin Name Pin No. VO Function 


MODE Mode 58 | Mode selection 
MODE = H: 512-entry x 4-way 
MODE =L: 1024-entry x 2-way 


A,—A Address 52, 21, 53, 22,23, | Address inputs: Ay is not used for 4-way; fix 
24, 55, 25, 56, 26 ittoHorL 


TD,-TD,, Tag Data 6, 41, 7, 42-45, I Tag information 
11, 12, 46, 13, 14, 
15, 48, 16, 49, 17, 








50, 18, 51 
PURGE Purge §7 f All purge is done when PURGE =L 
INVL invalidate 33 | Partial purge: V bit of specified address is 
forced to 0 (L) 
SBLK Way Select Enable 30 t Enables external way selection in replace- 
ment and invalidation cycles 
SB,, SB, External Way Address 60, 31 l External way address input: Enabled when 
SBLK =H 
WRITE Write 62 I Enables write 
SET Set 34 | Timing pulse 
ie Read cycle: Updates LRU 
Write cycle: Stores tag, sets V bits to H, 
and updates LRU 
Partial purge cycle: Shifts LRU and sets 
V bits to L 
INH Inhibit 32 | Inhibits all functions except all purge 
H/R Hit/Replace Selection 35 | Output selection 
H/R = H: Hit information 
H/R =L: Replace information 
RLATCH Replace Latch 63 | Latch control for replace information 
PINV Parity Inversion 29 | _ Used for testing only 
VINV Validity Inversion 59 l Used for testing only 
MHENBL MHiT Enable 9 I Enables MHIT output 
EXTH External Hit Control 8 I Forces MHIT output to L 
HIT Hit 36 O Hit output: NOR of HIT, to HIT, 
HC/RC, Hit/Replace Code 37, 38 oO Coded output of hit or replace information 
HC,/RC, 
HIT, /REP,- Hit/Replace 3, 39, 1@) Uncoded output of hit or replace information 
HIT,/REP, 4,5 
PERR Parity Error 64 ce) Indicates parity error 
MHIT Modified Hit 2 10) Hit output modified by MHENBL and EXTH 
Voc Power 47, 61 I Connects to + 5V power supply 
Vs Ground 40, 54 l Connects to ground 
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Block Diagrams 


Internal Blocks 


Purge O PURGE 


> 
o 


Memory cells Memory cell 


512 entries 512 entries 
x 23 bits x 6 bits 
x 4 ways 


Replace information 
Parity 
generator Sense out 


Comparators | 


Hit information | | Replace information 
New LRU data 


MPX and 
output control 


Cl)esesevenesel) ©) 
Hit/replace 
information 


> 
o 


+4 
o 
o 


Tag 
data 


buffer 


o 
oO 
o 





Parity error 
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Output Control Block 


MHENBL = EXTH 


Compare 
Cell and validity 
aney check 


(TAG, V) 
O HIT REP, 
O HIT REP, 
—————OHIT REP, 
OHIT,/REP, 
OHC,/RC, 


oHC,/RC, 





RLATCH $8, 88, SBLK Hi 





@ HITACHI 
Hitachi America, Ltd. ¢ Hitachi Plaza ¢ 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 © (415) 589-8300 355 





HM644332 


Function Tables 


1. Basic Functions (all combinations not listed below are inhibited) 


input Tag Info. Control! Info. LRU 
ee a oe P Bit V Bits 


INH PURGE SET WRITE INVL Tag Bits (Parity) (Validity) LRU Bits Function Mode 


L H x x x No change Nochange Nochange No change Inhibit’? 
H H H x x No change Nochange Nochange No change Tag read 
H H Lf H H No change Nochange Nochange No change ' Tag read 
or updated 

H H Lf L H TD,-TD,, Set H Updated Tag write 

L H x x Undefined Undefined  L (All) Initialized All purge 
H H a0 H L No change No change ae change No change | Partial purge 

Le or shifted"4 

x: Horl 


Notes: *1 When SBLK = L and there is no hit, LRU is not changed. 
*2 When SBLK =L and there is no hit, the V bits are not changed. 
*3 In inhibit mode, HIT and PERR outputs are H but all other outputs are L. 
*4 Shifted means that the partially-purged way becomes the least recently used way. 


2. Hit or Replace Information Output 


Input Internal Information |: “2 Output 
hit) hit) hity hit’ HIT, «HIT, HIT «HIT, HC HC,/ 


* 
wo 








MODE A, rep, rep, rep, rep, REP, REP, REP, REP, RC, RC, HIT Mode 
H x L L L L L L L L L L H 4-way 
H x H L L L H L L L L L L 

H x L H L L L H L L H L L 

H x L L H L L L H L L H L 

H x L L L H L L L H H H L 

L L L x L x L L L L L L H 2-way 
L L H x L x H L L L L L L 

L L L x H x L L H L L H L 

L H x L x L L L L L L L H 

L H x H x L L H L L H L L 

L H x L x H L L L H H H L 

xX: HorLl 


Notes: *1 Internal information rep, to rep, is determined by on-chip LRU logic when SBLK = L. 
When SBLK = H, the internal information is determined by external signals SB, and SB. 
*2 Correct operation is not guaranteed if 2 or more ways are hit at the same time.” 
*3 HIT output is valid when H/R = H. 
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3. Partial Purge (INVL = L) 


Input Internal Info. Purged Way SET 


zs 
= 


) 
zs 
= 


w 
°o 


1 2 3 LRU Mode 
— —- -— — Nochange 4-way 
Q. — — — Shifted 

—- Q@ — — Shifted 

—- — Q- — Shifted 

—- —- — Q Shifted 

Q —- — — Shifted 

—- Q — — Shifted 

—- — Q- — Shifted 

—- — — Q Shifted 
Nochange  2-way 
Q — — — Shifted 

—- — Q- — Shifted 

Q —- — — Shifted 

—- — Q- — Shifted 

—- —-— — — Nochange 

— Q — — Shifted 

—- — — Q Shifted 

—- QQ — — Shifted 

x x x x —- —- — Q Shifted 


MODE A, SBLK SB, SB, hit, hit, 





—) reel cle 
[ee Oe es 
mr xcyecl ole 


xpaxpxelal} et} cop eie| eeixixix|xixixtixtixl~x 
xlepe|o icp acpe el el cl ct clastic el erictie 
myer) x |X) xX ] axle} cietxi|xixtx« x 
myx |x} xp arpetx tx) x} acl arleictixixixix tix 
x|[x}]x]x]x]xfelaolelxtixtx ix 
x]x yx |x] x | x« | Dl] ep omy K |x |x Xx 
xfxml}mieyx]|x]xix|[xixixdx]x}aobelepecie 
| 
| 
| 
| 


Le ee ee De ce ee Oe Oe ed ce Ws 0 De eld Ds dO wd 
x Pro] wclomexX |x |x TK YK IK I|xI|xK Ox 


x 
x 
x 
H 
H 


=x 
ps 
=x 





Note: Correct operation is not guaranteed if 2 or more ways are hit at the same time. 





4. Parity Error and V Bits 





(n: 0 to 3) 
pen Ny vn, PEn Hit Info” 
L L L L = pen: Internal parity error in way n 
L L H H Hit vnvn,: Duplicate validity bits. 
L H L H Hit PEn: Determined by the following equation: 
on HOUL”C&dHARC” PEn = (vn, + vn,) * pen + (vn, @ vn,) 
H L H H Hit 
H H L H Hit 
H H H H Hit 


Notes: ‘1 PERR is the NOR of PEO to PES. 
*2 Output information when internal hit is valid. 
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Absolute Maximum Ratings 


Item Symbol Rating Unit 
Supply Voltage Voc —0.5 to +7.0 Vv 
Input Voltage at Any Pin Relative to V., V4 -3.0 to +7.0 Vv 
Output Voltage at Any Pin Relative to V.. Veg ~0.5 to +7.0 V 
Output Current ta +20 mA 
Power Dissipation P, 1.5 W 
Operating Temperature T, - -10 to +85 °C 
Storage Temperature Tig —65 to +125 °C 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. Functional operation 
should be restricted to the conditions detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


Recommended DC Operating Conditions (T, = 0 to +70°C) 


Item Symbol Min. Typ. Max. Unit 
Supply Voltage Vee 45 5.0 5.5 Vv 
Input Low Voltage vi’ -0.5 % _ 0.8 V 
Input High Voltage Via 2.2 — 6.0 V 


Notes: "1 All voltages are relative to Vog: 
*2 ~3.0 V for pulse width of 20 ns or less. 


DC and Operating Characteristics (T ,7O0to +70°C, Voc = 5 V 110%, Veg = 0 Vv) 


Item Symbol Test Conditions Min. Typ. Max. Unit 
Supply Current Cycle = 100ns,),,,=OmA — _ 180 mA 
Output Voltage VoL lo, = 8 mA _— — 0.4 

OH loy = 4 mA 2.4 —_— _ 


Capacitances (T, = 25°C, f = 1 MHz) 


Item Symbol Test Condition Min. Typ. Max. Unit 
Input Capacitance Ci. V,,=0V _— _ 10 pF 
Output Capacitance Cont Vour = 9 V _ _ TBD pF 


Note: These parameters are sampled, not 100% tested. 
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AC Characteristics (T, = 0 to +70°C, V..=5 V 410%, V..=0V, 
unless otherwise noted) 


AC Test Conditions 

¢ Input pulse levels: 0Vto3.0V 

e Input pulse rise and fall times: 0 ns to 5 ns (time between 0.8 V and 2.2 V) 
e Input and output timing reference levels: 1.5 V 

¢ Output load: See figure. 


Output Load 


“Including scope and jig 
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1. Tag Read Cycle (MODE = H or L, PURGE = H, WRITE = H, INVL = H, PINV = H orL, VINV = H orL, 





INH = H) 
HM644332G-25 HM644332G-30 

Item Symbol Min. Max. Min. Max. Unit 
ReadCycleTme = | t. 50 — 50 — ms 
Address Valid to HIT, HC,, HIT, tag ~ 25 — 30 ns 
Address Valid to MHIT tame _ 27 — 32 ns 
Tag Data Valid to HIT, HC, HIT, ts — 18 — 18 ns 
Tag Data Valid to MHIT as — 20 _ 20 ns 
HIT, HC,, HIT, Hold Time tay 0 _— 0 — ns 
Address Valid to RC,, REP, tan _ 35 _ 40 ns 
Address Valid to PERR tap _ 35 _ 40 ns 
Address Setup Time for SET tas 25 _ 25 —~ ns 
Tag Data Setup Time for SET trs 25 _ 25 _ ns 
SET Pulse Width tow 20 _ 20 _ ns 
SET Recovery Time tsp 5 _ 5 —_— ns 
RLATCH Setup Time tars 10 _— 10 _ ns 
RC,, REP, Hold Time for RLATCH tea; 0 — 0 — ns 
SBLK, SB,, SB, Setup Time for RC,, REP, toap — 25 — 25 ns 
SBLK, SB, SB, Hold Time top 5 _ 5 _ ns 
RC,, REP, Hoid Time for SBLK, SB,, SB, ty, 0 — 0 —_ ns 
SBLK, SB,, SB, Setup Time for SET tops 25 _ 25 —_— ns 
PERR Hold Time toy 0 = 0 —_ ns 
H/R to Multiplex Output Change tur _ 10 — 12 ns 
MHENBL, EXTH to MHIT Output tei _ 10 —_ 12 ns 
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2. Tag Write Cycle (MODE = H or L, PURGE = H, WRITE = L, INVL = H, H/R = L, INH = H) 


HM644332G-25 HM644332G-30 





Item Symbol! Min. Max. Min. Max. Unit 
Write Cycle Time two 50 — 50 —_— ns 
Address Valid to RC,, REP, tar _— 35 — 40 ns 
Address Setup Time for SET tas 25 _ 25 _— ns 
Tag Data Setup Time for SET trs 25 _— 25 — ns 
SET Pulse Width ig 20 — 20 ~ ns 
SET Recovery Time top 5 _ 5 — ns 
RLATCH Setup Time tars 10 _— 10 —_ ns 
SBLK, SB,, SB, Setup Time for SET tops 25 —_— 25 —_ ns 
SBLK, SB,, SB, Setup Time for RC,, REP, topp — 25 _— 25 ns 
RC,, REP, Hold Time for SBLK, SB,, SB, ty, 0 — 0 — ns 
SBLK Hold Time tea 5 _— 5 — ns 
PINV, VINV Setup Time for SET tis 25 — | 25 —_ ns 
PINV, VINV Recovery Time for SET tig 5 — 5 — ns 


3. Partial Purge (MODE = H or L, PURGE = H, WRITE = H, INVL = L, H/R = H orL, INH =H, 
RLATCH = L, PINV = H or L, VINV = H or L) 
HM644332G-25 HM644332G-30 








Item Symbol Min. Max. Min. Max. Unit 
PanialPugeCyce tit CC“‘<i‘it (‘CSS 
Address Setup Time for SET tas 25 _ 25 _ ns 

Tag Data Setup Time for SET tis 25 _ 25 _ ns 

SET Pulse Width iS 20 = 20 = ns 
SET Recovery Time top § _ 5 _ ns 
SBLK, SB,, SB, Setup Time for SET fag 25 — 25 — ns 
SBLK, SB), SB, Hold Time tony 5 — 5 —_ ns 


4. All Purge (SET = H, other control inputs are H or L) 


HM644332G-25 HM644332G-30 





Item Symbol Min. Max. Min. Max. Unit 

Ail Purge Cycle Time tapc 100 _ 100 _ ns 

Purge Pulse Width topw 50 _ 50 —_ ns 

Purge Recovery Time ton 50 _ 50 _ ns 
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Timing Charts 
1. Tag Read Cycle 


(MODE = Hor L, PURGE = H, WRITE =H, INVL =H, PINV =HorL, VINV=HorL, INH = H) 


tac 


Input valid 


Input valid 


TH 
is aaa || 
HT, 4, 
HC, HIT, 


2 
RC,, REP. 


MHENBL, 
EXTH 


MHIT 


PERR 


Input valid 


| input valid | 


Notes: 

*1 Valid when H/R = H. 

*2 Valid whenHR=L. 

*3 LRU is updated when SET = L. 

*4 Replace information is latched when RLATCH = H. 
“5 Valid when SBLK = L. 

*6 Valid when SBLK = H. 
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2. Tag Write Cycle 





(MODE =H or L, PURGE = H, WRITE = L, INVL = H, INH = H) 


TD,-TD,, 
SET 
3 
RLATCH 
SBLK Input valid 


‘opp | : 
“4 
SB, $B, Input valid 


2 


ig 


ee IR 





Notes: 

“1 Tag is stored, V bits go H, and LRU is updated. 

*2 Replace information is latched when RLATCH = H. 
*3 Valid when SBLK = L. 

“4 Valid when SBLK = H. 
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3. Partial Purge Cycle 


(MODE = Hor L, PURGE = H, WRITE =H, INVL =L, H/R = Hor L, INH=H, RLATCH «L, 
PINV = HorL, VINV =H orL) 


Sw 
°2 


‘Sey 


top 
} a 


Input valid 


Notes: 

*{ Valid when SBLK = L. 

*2 LRU is shifted and V bits go L. 
*3 Valid when SBLK = H. 





4. All Purge Cycle 


(SET = H, other control inputs are H or L) 


Input valid 
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Function Description 
Tag Read 


The TAG input data (TD,-TD,,) and the contents of 


the addressed location are compared. If they are the 
same, ahitis assumed. HIT goeslowand the HCnand 
HITn outputs indicate the hit way associatively. If 
there is nohit, the LRU logic of the tag RAM automati- 
cally specifies which way is to be replaced. 


The replacement information is presented at the RCn 
and REPn outputs by forcing the H/R input low. 
These signals will be latched and used for writing 
data into data memory. 


Tag Write 


If there is no hit, the tag RAM must be updated. A 
write operation is performed by setting WRITE low 
and inputting a SET pulse. The tag data will be 
written into the appropriate way by the internal LRU 
logic. 


The way can be also specified externally by using 


SBLK, SB, and SB, inputs. In tag write mode, the V 


bits (validity bits) and the parity bit are set, and the 
LRU is updated. 


HM644332 


All Purge 


By asserting the PURGE input low, all the V bits are 
reset and LRU is initialized. 


In this operation, the contents of each tag and its 
parity will not be identified. 


Partial Purge 


A partial purge operation is performed by setting 
INVL low and inputting a SET pulse. 


The V bit specified by the address input is reset and 
the LRU is shifted so that the partially-purged way 
becomes the least recently used way. 
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HM644332 


Package Dimensions 
Unit: mm (inches) 


64-Pin Ceramic PGA 


1.27 (.050) TYP DIA 


2.54 +0.25 
(100 £.010) 


+0.46 
26.20"p 3 

4.018 22.86 (.900) 
(1.032 7949) REF 


40.18 +.007 
18.24(.718 ) SQ 0.46 “995 (018 ogg } DIA 
010 
ae 1.277936 (050.945) 


+.018 
(1.0327 942) 


0000000000 
@©°00000006 


5,33 (210 40.41 , 4a, +016 
ae 3.407936 (194 914) 
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Section 4 
MOS Pseudo Static RAM 
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HM6G5256B Series 


32768-word X 8-bit High Speed Pseudo Static RAM 


® FEATURES HM65256BP Series 
Single 5V (410%) 


® High Speed 
Access Time 
CE Access Time ...........-... 100/120/150/200ns 
Address Access Time............... 50/60/75/100ns 
(in Static Column Mode) 
Cycle Time 
Random Read/Write Cycle Time . . . . 160/190/235/310ns 


Static Column Mode Cycle Time ...... 55/65/80/105ns HIM6525GBSP Secies 
@ Low Power 


175mW typ. Active. 

All inputs and outputs TTL compatible 
Static Column Mode. Capability 

Non Multiplexed Address 

256 Refresh Cycles (4ms) 

Refresh Functions 


Address Refresh 
Automatic Refresh (DP-28N) 
Self Refresh HM65256BFP Series 


® ORDERING INFORMATION 


HM65256BP-10 
HM65256BP-12 


HM65 256BP-15 
HM65256BP-20 


HM65 256BLP-10 
HM65256BLP-12 
HM65256BLP-15 
HM65256BLP-20 


HM65256BSP-10 
HM65256BSP-12 
HM652S56BSP-15 
HM65256BSP-20 


HM65256BLSP-10 
HM65256BLSP-12 
HM65256BLSP-15 
HM65256BLSP-20 


HM65256BFP-10T 
HM65256BFP-12T 
HM65256BFP-15T 
HM65256BFP-20T 28 pin 


HM65256BLFP-10T 100ns Plastic SOP 
HM65256BLFP-12T 120ns 

HM65256BLFP-15T 150ns as 
HM65256BLFP-20T 200ns (Top View) 





600 mil 28 pin 
Plastic DIP (FP-28DA) 


= PIN ARRANGEMENT 





300 mil 28 pin 
Plastic DIP 
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HM65256B Series 


= BLOCK DIAGRAM 


Memury Matrix 
(256 x 128° x8 


I Column 1/0 


B " 
cA A 


Read Write Control 





= TRUTH TABLE 
CE 





= ABSOLUTE MAXIMUM RATINGS . 


Terminal Voltage with Respect to Vgg Vv 

Operating Temperature °C 
Storage Temperature °C 
Storage Temperature Under Bias °C 







Supply Voltage 






Input Voltage 


Note) *1. Vz min = -3.0V for pulse width S 10ns. 
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HM65256B Series 


™ DC ELECTRICAL CHARACTERISTICS (7, = 0 to +70°C, Voc = 5V +10%) 









































CE> Voc-0.2V, OE<0.2V 
Voc = 5.5V 
Vin = Vss to Voc 


Fi00 [va 
Input Leakage 
Current 
Output Leakage 
Current 


Tz 







Parameter Symbol Test Conditions Unit 
tin. | typ.| max.| min. [ typ. [max 

Operating Power T7j9 = OmA 
Supply Current Tec1 toye = min. a 
Standby Power TsB1 c = Viy, OE = Vin 1 | - fa |] 2] 
Supply Curent 1se2 | CE>Voc-02V, 08SVec-02V | - | - | - | - [oas} 01 ma 
Operating Power Supply Ioc2_| CE= Vix, OF = Vip ea hea | 06 | 1 | mA 
Current in Self Refresh Mode aoe 











OE = Ving 
Vijo = Vss to Voc 


Output Voltage 
Ton =~-1mA 2.4 


sd 
b 

















@ CAPACITANCE 


ee 
Vio" 8V eae cal 


Note) This Parameter is sampled and not 100% tested. 






Input Capacitance 






Input/Output Capacitance 


w AC CHARACTERISTICS (7, = 0 to +70°C, Vec = SV +10%) 
® AC Test Conditions 





Input Pulse Levels.................... 2.4V,0.4V 
Input Rise and Fali Times ................... 5ns 
Timing Measurement Level.............. 2.2V,0.8V 
Reference Level ........... Vou =2.0V, Vo, =0.8V 
Output Load .................. 1 TTL and 100pF (including scope and jig) 
ais HM65256B-10 | HM65256B-12 | HM65256B-15 | HM65256B-20| 
Random Read or Wile 7a Tine gg [eT Pe et BS eT aT 
iene i ee ec 
Cycle RSC 
Chip Enable Access Time ltcea_| - | 100] - | 120] - [ 150] - | 200] ns 
Address Access Time ltaa | - | SO - {| 60] - | 75[ - | 100) ns 
Output Enable Access Time toga | - | 40] - [| So] - [{ 60] - | 75| ns 
Chip Disable to Output inHighZ ——[tenz_ | - | 25] - | 25] - | 30] - | 35] ns 
ChipEnable to OutputinLowZ —[rouz_ {| 30| - | 30{ - {| 35] - [| 40] - [ms 
Output Enable to OutputinLowZ  [rouz | 10] - | 10/ - | 10] - | 10] - [ns 
Output Disable to Output in High Z eee tetas Pan tiie Tae ns 
Chip Enable Pulse Width tce | 100n [| 4m [120n | 4m | 150n | 4m | 200n | 4m | s 
Chip Enable Precharge Time | so| - | «| - | 75] - | 100| - | m 
Address Set-up Time tae ee ee ED ee ee ee ee 8 
- Row Address Hold Time raw | 20[ - | 20] - | 25] ~ | 30) - | ns 
Column Address Hold Time lca | 100| - | 120] - | 150) - | 200] - | ns 
Read Command Set-up Time tres. = Mois Oe sh Oe ee Oe eae 
Read Command Hold Time teen | of - | of - | 0] - | o|- |ms 
Output Enable Hold Time fone | 0] - | of - | 0] - {| 0[- [ms 
adele AH, a 
Time 
ieee A ee 
Tess 
Write Command Pulse Width ewe | 25] - | 25) - | 30) - | 35) - [a 
Chip Enable to End of Write tow | 100[ - | 120 -— [iso |~— [200 | =| ms 
Column Address Set-up Time ltasw | Of - | Of - {| Of - | Of - [as 
(to be continued) 
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HM65256B Series 


= 
n 
mn 
Ny 
wv 
a 
o 
bart 
i=) 
x 
= 
a 
w 
id 
w 
a 
wo 
~ 
<) 
x 
= 
an 
a 
v 
a 
oy 
ad 
vs 
wv 
<x 
= 
a 
wr 
tv 
9 
a 
Ne 
vy 
oS 


Item Symbo. 


ns 
ns 
ns 
ns 
ns 
ns 


| max. | 
Ee 
— 
=a 
Ea 
| 35) 
| 50) 
| - [ns 
a 
es 
=a 
| 4 


Column Address Hold Time after Write |t,nw 
Data Valid to End of Write 

Data In Hold Time for Write 
Output Active from End of Write 
Write to Output in High Z 
Transition Time (Rise and Fall) 
Refresh Command Delay Time 
Refresh Precharge Time 


Refresh Command Pulse Width for 
Automatic Refresh 


Automatic Refresh Cycle Time 


Refresh Command Pulse Width for Self 
Refresh 


Refresh Reset Time for Self Refresh ter 
Refresh Period 


ns 
ns 
ns 


00: ns 


_ 

Oo 
Els|e 

Oo 


‘lg E lelel"|-fele| 
at 
i=] 
i=] 
i=] 
i=) 


10000 | -— {10000 


ns 
ms 


1) 


~~ ee oe ee Kod i 
~™ YP Piss 
m a |'S 
: ale a BPRRERE] ¢ 
4 3 isl s|slel.l'|ul-lsl [7 
— 
aio 
o| o 
a 
i=] 
o 
el ELEY T feted [1118 


Notes: 


ql) 
(2) 
(3) 
(4) 
(5) 


(6) 


(7) 


tcnz: tong and twryz are defined as the time at which the output achieves the open circuit conditions. 


'CLZ> tozz and tow are sampled under the condition of t7=Sns, and not 100% tested. 

A write occurs during the overlap of a low CE and low WE. 

If CE goes low simultaneously with WE going low or after WE going low, the outputs remain in high impedance state. 
If input signals of opposite phase to the outputs are applied in write cycle, OE or WE must disable output buffers 
prior to applying data to the device and data inputs must be floating prior to OE or WE turning on output buffers. 
Vay (min) and Vy, (max) are reference levels for measuring timing of input signals. Also, transition times are meas- 
ured between Vz, and Vj,. 

An initial pause of 1 00us is required after power-up followed by a minimum of 8 initialization cycles. 


# TIMING WAVEFORMS 
© Read Cycle No. 1 (CE controlled) 


pe a 
Ayn Ar XX Lt 


tre 


nae 


tas 






KKK KKK KKK KK KKK KKK KKK AXAAAA 


tas 
pall ee ae CV JVVV 
aires XXOR [KKK 


372 


tRCH 


| 


nt 
7D Seem: bh LOM 
ts 


= 
ico 


ICHZ 


7 : SV V/\/ 
Dout XXX Batsoue KAA 
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HM65256B Series 
@ Read Cycle No. 2 (OE controlled) 


tre 


on es a 
=O nod a AORN 
a 00, cc 0000 


tRCS tRCH 


DBASE, BRANNAN 





oF — JTTTTTTDNVILLTILLL 
LP | bey be 
~ =e CcUNEED>>>>>2> 


© Write Cycle No. 1 (OE Clock) 


tac 


ice tp 


CE a 


Address Y Coe. = = LOCC XX XOX XXX KKK KKK OX XOX 





Ao~A7 AAW 





tas 


Address Y CCE: 


om 

V/V/\/ 

Axn~ Ait 9, || KXXX 
teow tanw | 


- — wae 


SC LLLLLLLLLLLLL J i. aes WAAAY 








Dout WINN, AMAALRAAALAL 
ALY VaVaVaraVarararavaral 
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HM65256B Series 





@ Write Cycle No. 2 (GE low fix) 


Address Y 
Ao~ A? 


Address V 
As~Aus AAAS 


MAAKLARALRAAALS 
UVY VY VV VV VW we 





@ Static Column Mode Read Cycle 


Acray } COCCEME MCE VOCCOCORE, 
TS RRC ye 

dress 

rahe x x KX 


Pea 


ae fe tele 


Dout bes rh 
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HM65256B Series 


e@ Static Column Mode Write Cycle 


Address 
Ao~A7 AAA 


Address 
A8~Al4 









a 
ETS AANINANNAN NS 
- m= 


Valid o a 









Valid Data In 
Dout fae ey 


VV VVVVVVY 


@ Automatic Refresh Cycle 





© Self Refresh Cycle 
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HMG6G58128 Series 


131072-word x 8-bit High Speed CMOS Pseudo Static RAM 


The Hitachi HM658128 is a pseudo-static RAM organized as HM658128P Series 
131,072-word x 8-bit. HM658128 realizes low power consump- 
tion and high speed access time by employing 1.3um CMOS 
process technology. 

The HM6581 28 supports 3 refresh functions: Address Refresh, 
Auto Refresh and Seif Refresh. Low power version dissipates 
only 0.5mW (typ.) in Self Refresh Mode and retains the data with 
battery backup for short time. Self Refresh Mode is guaranteed 
only for L-version. 


The HM658128 is pin-compatible with 256k-bit PSRAM and (DE 32) 
static RAM. HM658128FP Series 
#® FEATURES 
@ Single 5V (£10%) 
@ High Speed 


© Access Time 
~ CE Access Time . . . 100/120/150ns 
© Cycle Time 





Random Read/Write Cycle Time . . . 180/210/250ns (FP-32D) 
@ Low Power . . . 200mW typ. (Active) = PIN ARRANGEMENT 
0.5mW (standby) a 
@ All inputs and outputs TTL compatible RESH 
®@ Non Multiplexed Address me 
@ 512 Refresh Cycles (8ms) Ant3} 
@ Refresh Functions Au 
Address Refresh Ar 
Automatic Refresh As 
Self Refresh (Only for L-version) As 
Aa 
® ORDERING INFORMATION As 






Access Time 














































HM658128DP-10 100ns Al 
HM658128DP-12 120ns i 
HM658128DP-15 150ns 600 mil 32 pin 

HM658128LP-10 100ns Plastic DIP ro 
HM658128LP-12 120ns 101 
HM658128LP-15 150ns vost 
HM658128DFP-10 100ns 

HM658128DFP-12 120ns Vss 

HM6581 28DFP-15 150ns 32 pin Plastic (Top View) 
HM658128LFP-10 100ns SOP w PIN DESCRIPTION 
HM658128LFP-12 120ns 





Symbol Pin Name 
AO - Al6 Address Inputs 
1/O — 1/07 Data Input/Output 


HM658128LFP-15 150ns 


RFSH Refresh 
CE Chip Enable 
OE Output Enable 
WE Write Enable 
CS Chip Select 
Voc Power Supply 
Vss Ground 
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HM658128 Series 


= BLOCK DIAGRAM 


As 





MEMORY MATRIX 






{512 X 256) x8 






Timing Pulse Generator 
Read Write Control 








Note) *1. Self refresh is guaranteed only for L-version. 


® ABSOLUTE MAXIMUM RATINGS 





fem or 
Terminal Voltage with Respect to Veg Vv 
Power Dissipation ip 
Opening Tempera °C 
Storage Temperature = 
Storage Temperature Under Bias ~10 to +85 i 8 


= RECOMMENDED DC OPERATING CONDITIONS (7, = 0 to +70°C) 


V 






Supply Voltage 







2.2 


Note) *1. Vj zz min = -3.0V for pulse width S 10ns. 


Input Voltage 
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HM658128 Series 


w DC CHARACTERISTICS (7, =0 to +70°C, Vcc = 5V + 10%) 


Parameter 
Operating Power 
Supply Current 
Standby Power 
Supply Current 
Standby Power 
Supply Current 


Operating Power 
Supply Current in Self Refresh Mode*! 


Input Leakage Current 
Output Leakage Current 


Output Voltage 








Iny0=9 
I I/O 
Igpi = Vit 1 2 mA 
RFSH = Ving 
CE 2 Voc -0.2V 
I 200 A 
RFSH > Voc -0.2V ‘ 
CE = Ving 
I pEeneaes 2 mA 
RFSH = Vir Lede 
CE 2 Veg -0.2V 
RFSH $0.2 ies iiee 
Voc =55V 
Vin = Vgs to Veco 
OE=V. 
Ito IH ~10 10 | wA 
Viyo = Vss to Voc 
Toi= 2.1mA P- | - | 04 | Vv 
Vat 7 ee a 


Note) *1. This characteristics is guaranteed only for L-version. 


@® CAPACITANCE (T, = 25°C, f= 1MHz) 


Input Capacitance 


Symbol 





Input/Output Capacitance 


| Symbol _| 
| Cyo | 


Cro 


Note) This Parameter is sampled and not 100% tested. 


ws AC CHARACTERISTICS (7; = 0 to +70°C, Voc = 5V t 10%) 


@ AC Test Conditions 


Input Pulse Levels =  ...... 
Input Rise and Fall Times ...... 
Timing Measurement Level ...... 
Reference Level .............. 
Output Load s_................ 


Item 


seine 2.2V,0.8V 
Von =2.0V, Vo, =0.8V 
1 TTL and 100pF (including scope and jig) 


HM658128-10 
Symbol = out 
min. 


x 
S| 
wa 
oo 
— 
Ne 
° 
- 
N 
ie 
= 
n 
~ 
fe] 
_ 
wN 
oo 
7 
wa! 
Sq 
s 
= 

















| min. | max. | min. | max. | 
Random Read or Write Cycle Time tec | 1890 | - | 210 | - | 250 | - | aos 
Random Read Modify Write Cycle Time trwc| 240 [| - | 280 | — | 330 | - | nos 
Chip Enable Access Time tcea| ~- | 100} - | 120 | - [ 150 | os 
Output Enable Access Time tOEA 30 | - 40 | - | so] as 
Chip Disable to Output in High Z tCHz 30 - {| 35 | - | 40 | ns 
Chip Enable to Output in Low Z | tcexz| 30 [ - | 35 | - | 40] - | ns 
Output Disable to Output in HighZ | tonz| - | 25 [ - | 30 [| - | 35 | ns 
Output Enable to Output in Low Z | torz| 5 | - | s{[ - [| s][ - | ns 
Chip Enable Pulse Width tcg | 100n{ in | 120n | Iu | 150n s 
Chip Enable Precharge Tine Ve | m{-| o[- |», - [= 
Address Set-up Time [ie 0 ee Oe |e 
Read Command Set-up Time acs} Of a ns 
Read Command Hold Time | trcn| o{ —- | Poe [Or | ae ns 
RSH Hold Time tenof is | — [as - [is | - | 
Refresh Command Delay Time (Standby Mode) | trop| - | 5s] - | s[ - [ 5 | ns 
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HM658128 Series 


HM658128-10 | HM658128-12 | HM658128-15 


sal i ere 
Chip Select Set-up Time tess | 0 | - | 0 | 
l tos _| 





a ee 

ns 
Chip Select Hold Time tesy | 30 | -| | - [ 40 | ns 
Write Command Pulse Width twp | 30 | - | | - [| 40 | ns 
Chip Enable to End of Write tow 100 | — | 1580 ns 


w 
LF) 


Data In to End of Write DW 
Data In Hold Time for Write 

Output Active from End of Write 
Write to Output in High Z twHz 
Transition Time (Rise and Fall) 


=] 
an 


b 
x 
3 


Sis lois le 
” = 
w wn wn 


o 
a 


~~) 
oO 


Refresh Command Delay Time trrp 


3 
a 


Refresh Precharge Time 


Refresh Command Pulse Width for Automatic t 
Refresh FAP 


~ 
J 
a 


F. 





co 
.~ 
oo 
a 


Mi w 2 

2 e 
= 

ARE Z 











MA) rN 
Oln 


Automatic Refresh Cycle Time tro 180 210 250 ns 
Refresh Command Pulse Width for Self Refresh | tras”? 8 8 8 us 
Refresh Reset Time for Self Refresh | zo | - [| 250 | - [as 
Refresh Reset Time for Automatic Refresh [terra | 0 | a ees a ee ns 
Ree Pea G rer | _- | @ | - | 8 [ - | 8 |m 

Notes: . . ‘ — 

(l) toyz, tonz and twrz are defined as the time at which applied in write cycle, OE or WE must disable output 
the output achieves the open circuit conditions under buffers prior to applying data to_the device and data 
the condition of t7 = Sns and not 100% tested. inputs must be floating prior to OF or WE turning on 

(2)tCHZ, tcLz, toHZ, tOLZ, twHz and tow are sampled output buffers. 
under the condition of t7 = Sns and not 100% tested. (6) Vzzz (min) and V,; (max) are reference levels for 

(3) A write occurs during the overlap of a low CE and a measuring timing of input signals. Also, transition times 
low WE, Write end is defined at the earlier of WE going are measured between Vjz; and V; 
high or CE going high. Jae (7) An initial pause of 100us is required after power-up 

(4) If CE goes low simultaneously with WE going low or followed by a minimum of 8 initialization cycles. 
after going low, the outputs remain in high im- (8) After Self Refresh, Auto Refresh should be started with- 
pedance state. : in 15ys. (only for L-version) 

(5) If input signals of opposite phase to the outputs are (9) This characteristics is guaranteed only for L-version. 


# TIMING WAVEFORMS 
@ Read Cycle 


ERC 
— 
CE Ae 
tcss 


. T7TA Ty KAXXXXXAAAAAAAAAA AAR 













rors XXX) = XXXXKXXXKKKAXAKAAKKXAKAK KAKA 


— Wa P RAY 
WZNTTTTTTZ 


oF AMAA 


| A 


tRCS 


tcuz 


Daw O00, hn 5. 
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HM658128 Series 


@ Write Cycle-1 (OE Clock) 


: \Rroneenamnomacoes ee 

wae XX TT KXXXKXXKKXXKXKKKKKKEXKEXAKRXKEN 
Seaane er | ane neCe 
Pe =. 


aa 
3 YAAK MAMA 





IV\IALVALALAAL 
Dout VVY VV VV VV 


Write Cycle-2 (OE Low Fix) 





e 
tess | | tcsu 
nes WS Reel 


LT) pmssneacnrmenens ince 
se ITH XXXXXKKXXXXXXXXXXKKKKAKKXXRE 
e a / 


= a 

_ ANNAN ANANNANAAGHIN/,1//, 

Ne i XK 
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HM658128 Series 


@ Read Modify Write Cycle 


al 


tawe 
ei 


renee | 
ATT) l Phccocmanaanas si sane 
ae OS) = KXX meena KKK 
Pes 8) pe 7A 
pete teen Tone 
OE \AAANAS pO LLL LLL ALLEL LL 


sh =< 
Din — | Valid Data In| Data In mi 


NX 


@ Automatic Refresh Cycle 





oe UO ANN 


Note) Self refresh is guaranteed only for L-version, 


@ CS Standby Mode 
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HM658128 Series 


SUPPLY CURRENT VS. SUPPLY VOLTAGE(1) SUPPLY CURRENT VS. AMBIENT TEMPERATURE (1) 


Supply Curent 1cci (Normalized) 
Supply Curent 1cc1 (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 


SUPPLY CURRENT VS. SUPPLY VOLTAGE(2) SUPPLY CURRENT VS. AMBIENT TEMPERATURE (2) 


Supply Curent 1cc2 (Normalized) 
Supply Curent 1cc2 (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (*C) 


SUPPLY CURRENT VS. SUPPLY VOLTAGE(3) SUPPLY CURRENT VS. AMBIENT TEMPERATURE (3) 


Supply Curent 1cc3 (Normalized) 
Supply Curent lcc3 (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta ("C) 
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HM6581 28 Series 


ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE 

















3 3 
z 3 
& & 
; é 
g , 
g g 
050 4.75 5.00 5.25 5.50 a 20 40 60 80 
Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
STANDBY CURRENT VS. SUPPLY VOLTAGE(1) STANDBY CURRENT VS. AMBIENT TEMPERATURE (1) 


Standby Current 1sai (Normalized) 


STANDBY CURRENT VS. SUPPLY VOLTAGE(2) STANDBY CURRENT VS. AMBIENT TEMPERATURE (2) 


Supply Current 1ssz (Normalized) 

















Standby Current lsai (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 








Supply Current Issz (Normalized) 





Supply Voltage Vcc (V) Ambient Temperature Ta (°C) 
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HM6581 28 Series 


LOW LEVEL INPUT VOLTAGE VS. SUPPLY VOLTAGE HIGH LEVEL INPUT VOLTAGE VS. SUPPLY VOLTAGE 


High Level Input Voltage Vinmin. (Normalized) 


Low Level Input Voltage Vinmax (Normalized) 





Supply Voltage Vcc (V) Supply Voltage Vcc (V) 


HIGH LEVEL OUTPUT CURRENT VS. OUTPUT VOLTAGE LOW LEVEL OUTPUT CURRENT VS. OUTPUT VOLTAGE 


High Level Output Current low (Normalized) 
Low Level Output Current loc (Normalized) 





High Level Output Voltage Vox (V) Low Level Output Voltage Vor (V) 
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$$ HM 658128 Series 


ACCESS TIME VS. LOAD CAPACITANCE 


Access Time écea, tora (Normalized) 


0.8 


0.6 
100 200 300 400 500 


Lead Capacitance Ci(pF) 
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HN27C4096 Series 


¢ Fast High-Reliability Programming Timing Waveform 


Program Program Verify 





eae ree e ee mR 
Address 4 | D 
Data 4 Data In Stable D (|. Data Out Valid > 
as ee 2 
Vpp nae 


Vpp 
Vec 
Vec+1 


Erase Mode Description 


Erasure of HN27C4096G/C is performed by expo- Device Identifier Mode 
sure to ultraviolet light of 2537 A and all the output 
data are changed to ‘‘1” after this erasure proce- 
dure. The minimum integrated dose (i.e., UV inten- 
sity x exposure time) for erasure is 15 sec/cm?. 


The device identifier mode allows the reading out of 
binary codes that identify manufacturer and type of 
device, from outputs of EPROM. By this mode, the 
device will be automatically matched its own corres- 
ponding programming algorithm, using program- 
ming equipment. 


e HN27C4096 Identifier Code 


ee oe 
CC-44 | (24) (14) | (15) | 6) | 7) 
Manufacture Code Vit re a es 
Device Code 


NOTES: 1. X = Don’t Care. 
2. Va = 12.0V + 0.5V 











Identifier 
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Section 5 
ECL RAM 
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HM1 0494 Series — Preliminary 


16384-word x 4-bit Fully Decoded Random Access Memory 


The HM10494 is ECL 10K compatible, 16384-word by 4-bits 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 


Features 

* 16384-word x 4-bit organization 

¢ Fully compatible with 10K ECL level 

¢ Address access time: 10/12 ns (max) 

e Write pulse width: 6 ns (min) 

¢ Low power dissipation: 800 mW (typ) 

¢ Output obtainable by wired-OR (open emitter) 


Ordering Information 





Type No. Access Time Package 

HM10494-10 10 ns 400 mil 28 pin Cerdip (DG-28N) 
HM10494-12 i2ns_ (DG-28N) 

HM10494F-10 10 ns 28 pin Ceramic Flat 

HM10494F-12 12 ns (FG-28D) 


Function Table 
Input 














Cs WE Din Suet Move 
H x x L Not Selected 
L L L L Write “0” 
L L H L Write “1” 
L H x Dout"! Read 
Notes: x; Irrelevant *1; Read Out Noninvert 
Block Diagram Pin Arrangement 








Memory Cell Array 
16384words x 4bits 


kn 
$ 
‘5 
& 
ey 
2 
3 
q 
x 


R/W R/W 
Circuit Circuit ircui 


O 
DI1 DO1 Di2 DO2 DIB DO. 





(Top View) 
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Absolute Maximum Ratings (Ta = 25°C) 


HM10494 Se 


ries 


















































Item Symbol Rating Unit 
Supply Voltage Vee to Vcc +0.5 to —7.0 Vv 
Input Voltage Vin +0.5 to VEE Vv 
Output Current Tout -30 mA 
Storage Temperature Tstg —65 to +150 °C 
Storage Temperature Tstg (Bias)"! -55 to +125 °C 
Note: *1; UnderBias 
Electrical Characteristics 
DC Characteristics (Vee = —5.2V, Ri = 50Q to -2.0 V, Ta = 0 to +75°C, air flow exceeding 2 m/sec) 
Item Symbol Min(B) Typ Max(A) Unit Test Conditions 
-1000  — ~840 0°C 
Vou -960 — -810 +25°C 
Output Voltage eS — Te mV Vin= Vma or Vip ne 
Vou -1850 — -1650 +25°C 
-1830 — -1625 +75°C 
-1020 — _ 0°C 
Vouc -9830 — — +25°C 
Output Threshold Voltage se ——Tzes OY “Vin = Vin or Via a 
Votc — — _ -1630 +25°C 
— — -1605 +75°C 
-1145 — -840 Guaranteed Input Voltage 0°c 
Vi -1105 — -810 High for All Inputs +25°C 
-1045  — —720 +75°C 
inal Nelinge -1870 — _ -1490 my Guaranteed Input Voltage 0°c 
Vi -1850 — -1475 Low for All Inputs +25°C 
-1830 — -1450 +75°C 
In —_- — 220 Vin = Vma 0 to +75°C 
Input Current In 98 = ae UA Vin= Vane = — 0 to +75°C 
-180 — — All Inputs and Outputs Ta=0°C 
Supply Current Ir ~180. = mA Open “Tan75°C. 











AC Characteristics (Ver = —5.2 V + 5%, Ta = 0 to +75°C, air flow exceeding 2 m/sec) 





















































Read Mode 
HM10494-10 HM10494-12 . 
Item Symbol Min Typ Max Min Typ Max Unit Test Conditions 
Chip Select Access Time Lacs —_ — 6 —_ — 8 ns 
Chip Select Recovery Time tRcs —- — 6 — — 8 ns 
Address Access Time taa -_- — 10 — — 12s ns 
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HM10494 Series 



















































































Write Mode 
HM10494-10 HM10494-12 ms 
Tt Symbol i Test Condit 
em y: Min Typ Max Min Typ Max Unit est Conditions 
Write Pulse Width tw 6 — —_ 8 —- — os twsaA = twsa min 
Data Setup Time twsp 2 — _ 2 — — ns 
Data Hold Time twHD 2 _ — 2 — — ns 
Address Setup Time twsA 2 — — 2 — — ons tw = tw min 
Address Hold Time tWHA 2 — _ 2 — — os 
Chip Select Setup Time twscs 2 — — 2 — — ns 
Chip Select Hold Time tWHCs 2 — — 2 — — ns 
Write Disable Time tws — — 6 — — 8 ns 
Write Recovery Time twR — —_— 120 — — 14 ns 
Rise/Fall Time 
Item Symbol Min Typ Max Unit Test Conditions 
Output Rise Time tr — 2 — ns 
Output Fall Time tf — 2 — ns 
Capacitance 
Item Symbol Min Typ Max Unit Test Conditions 
Input Capacitance Cin —_— 3 —_ pF 
Output Capacitance Cout — 5 — pF 
@ HITACHI 
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HM10494 Series 
Test Circult and Waveforms 


Loading Condition Input Pulse 


Test Circuit 


09vV ------ 
O Vec(GND) 2 4 


t, = ty=2.0ns typ. 


Ri. =502 
C.=30pF 
{Includes probe 
and jig capacitance) 


Read Mode 
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HM10490 Series— Preliminary 


65536-Words x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM10490 is ECL 10K compatible, 65536-words by 1-bit read/ 
write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 

@ FEATURES 


e 65536 x 1 Bit Organization 
¢ Fully Compatible with 10K ECL Level 


e Address Access Time ............ 000 e eee 10/12ns (max.) 
e Write Pulse Width ........... 0.0... eee eee ee 6/8ns (min.) 
© Low Power Dissipation ...................-005 570mW (typ.) 


© Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


10ns 
12ns 


@ BLOCK DIAGRAM 











HM10490-10 
HM10490-12 


300 mil 22 pin Cerdip 
(DG-22N) 


Ao Ai Az Az Ar Aig Arg Ass 
0OO0O0O000 a 


Y—Decoder/Driver 











Memory Cell Array 
65536 words x 1 bit 






X—Address/Decoder 


Din Dout 


@ HITACHI 


(DG-22N) 





@ PIN ARRANGEMENT 


DOAN Oak WOHND = 





X = Irrelevant; 
* = Read out noninvert 
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HM10490 Series 
@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


item Uni 
Supply Voltage v 
Input Vliage v 
Output Current ee ee 
Storage Temperature a 
Storage Temperature zc 


NOTE: * = Under bias. 


@ DC CHARACTERISTICS (Vez = 95.2V, Ry = 500 to 62.0V, T, = 0 to +75°C, air flow exceeding 2m/sec.) 



















Min. B) 
[ore | 1000 | — | 0840 | 
Von ) 425°C | 9960 [— | 0810 | 
e900 | — | 6720 | 
weer er mee onae ae a 
Vou asso | — | 01650 | 
P +75 | 01830 | — | 162s | 
ei | —| — | 
Neue ;+25°c_[ oss [— | — | 
Output Threshold Voltage Vin = Vinp OF Vita aS | et 
vue P +c | — | — | 01630 | 
P +isc | — | — | 01605 | 
Guaranteed nut Vanes L2°e__| 01s | = [0840 
ti ° 
Vi | feraraptoed Toput Noliage [425°C | outs | — | e80 | 
sat P+7sc | owas | — | 6720 | 
anere Goarareed not Woe Loe __| e1870 [= | 0190 | 
te ta: ° 
‘i |e tere [emo | = [ows 
/+75°C_ | 01830 [— | e150 | 
ta |Va=Von___-([ow+7sc| — |—| 20 | 
Input Current ow aggre LOL — | 70] wa 
ae eas eo |-| — | 
Supply Current [ize | Ail Inputs and Outputs Open | 0°C, 75°C | oo [— [ — | 





@ AC CHARACTERISTICS (Vip = 05.2V + 5%, T, = Oto +75°C, air flow exceeding 2m/sec.) 
1. Read Mode 











Typ. | Max.| Min. | Typ. | Max. 
[tas | 
| tees | 
c= ee 





Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time 
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HM10490 Series 


2. Write Mode 


item Symbol 
Write Pulse With 


Data Setup Time 
Data Hold Time 
Adress Setup Time 


Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time | tws | 
Write Recovery Time | twr 


Typ. | Max.| Min. | Typ. | Max.| Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ed 
es 


ns 


3. Rise/Fall Time 


Output Rise Time 
Output Fall Time 





4. Capacitance 










= an 


@ TEST CIRCUIT AND WAVEFORMS 


Item 





Input Capacitance 
Output Capacitance 








1. Loading Condition 2. Input Pulse 
Veo (GND) 60.9V 
O) 
01.7V 
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HM10490 Series 


3. Read Mode 


50% 


50% 





4. Write Mode 


cS 


Address 


Din 
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H M 1 0504-10/1 2 — Preliminary 


65536-Words x 4-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM10504 is ECL 10K compatible, 65536-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

@ FEATURES 


e 65536 x 4 Bit Organization 
¢ Fully Compatible with 10K ECL Level 


e Address Access Time .............-.0000 cee 10/12ns (max.) 
e Write Pulse Width... 2.2.0... 0.0... 2. cc eee eee ee 8ns (min.) 
¢ Low Power Dissipation .................20000. 620mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
@ BLOCK DIAGRAM 
As As me As Av Ass Au Ais 












Memory Cell Array 
65536 words x 4 bits 





X—Address/Decoder 






Block 1} Block 2 | Block 3 | Block 4 


@ ORDERING INFORMATION 


Access Time 


10 ns 
12 ns 











Package 


300 mil 28 pin Cerdip 
(DG-24V) 





HM10504-10 
HM 10504-12 





© HITACHI 





NOTES: 





X = Irrelevant: 
* = Read out noninvert 


@ PIN DESCRIPTION 


Pin Name 





Function 





Address Input 
Data Input 
Data Output 
Write Enable 
Chip Select 
Ground 
Supply Voltage 
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HM10500-15 — pretiminary 


262,144 Words x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


HM10500-15 is ECL 10K compatible, 262,144-words x 1-bit, read/ 
write random access memory developed for high speed systems 
such as main memories for super computers. 

@ FEATURES 


* 262,144-words x 1-bit Organization 
¢ Fully Compatible with 10K ECL Level 


« Address Access Time............. 0.0. e cece eee 15ns (max.) 
¢ Write Pulse Width.... 0.0.0... 0.0.0. cee eee eee 10ns (min.) 
¢ Low Power Dissipation .................00000- 520mW (typ.) 


* Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


Access Time 








Package 


300 mil 24 pin 
Cerdip (DG-24V) 









HM10500-15 





@ FUNCTION TABLE 


Not Selected 
Write ‘‘0”’ 
Write ‘‘1”’ 





(Top View) 


NOTES: X = Irrelevant 
*! = Read Out Noninvert 


0. 025MAX 
(0, 8 4MAX) 


0, 0340, 001 


0, 00620. 0015 
(0, 2320. 04) 


0, 3940, 002 
(0. 0140, 05) 


0. 97440, 005 


(24, 7440, 13) 
0, O9ONAX 


§: S3Ruth 0, 02 


5. 70MAX) 0. gj Referesce Poiat 


$. 28MIN) 


*1 OFF SET INCLUDED 
UNIT:iach (mm) 





(DG-24V) 
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HM10500-15 





@ BLOCK DIAGRAM 












MEMORY 
CELL ARRAY 


256 X 1024 









X-ADDRESS 
DECODER 






SENSE AMP 
and R/W 
CONTROL 
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HM10500-15 


Absolute Maximum Ratings (Ta=25°C) 


Item Symbol! Rating Unit 
Supply Voltage Veg to Vee +0.5 to —7.0 Vv 
Input Voltage Vin 40.5 to Vee Vv 
Output Current lout —30 mA 
“Storage Temperature ===———“‘éériSY?zS:«~CO*#*#”!”#!#!#CtOeSOOU!U!U!®€©€©6UmGUC~™” 
Storage Temperature Tstg (Bias)* ~55 to +125 °c 





* Under Bias 
Electrical Characteristics 


DC Characteristics (Vgg=—5.2V, Rp. =502 to —2.0V, Ta=0 to +75°C, air flow exceeding 2m/sec) 





AC Characteristics (Vpp=—5.2V+5%, Ta=0 to +75°C, air flow exceeding 2m/sec) 


Read Mode 
item Symbol min typ max Unit Test Condition 
Chip Select Access Time tacs - - 15 ns 
Chip Select Recovery Time tres ~ - 10 ns 
Address Access Time tan - - 15 ns 
© HITACHI 











Item Symbol min(B) typ max (A) Unit Test Condition 
—1000 - —840 o°c 
Vou —960 - —810 +25°C 
i 4 —900 a —720 v ey i +75°C 
utput Voltage m = or 
~1870 - —1665 ae? ae o°c 
Vor —1850 - —1650 +25°C 
—1830 - —1625 +75°C 
~—1020 - _ o°Cc 
Vonuc -980 - _ +25°C 
° 
Output Threshold —920 = = 7 +75°C 
Voltage a eS 1645 mV Vin® Vine Of Vira — 
Vote - - —1630 +25°C 
- - —1605 +75°C 
—1145 - —840 o°c 
= _ = Guaranteed Input Voltage ° 
Vin a8 pe High for Al! Inputs 260 
~1045 _ ~720 +75°C 
Input Voltage mV 
—1870 - ~1490 o’c 
= = = Guaranteed Input Voltage ° 
pale iid 1676 Low for All inputs one 
1830 ~ —1450 +75°C 
Ne - = 220 Vin=VinA 0 to +75°C 
Input Current 0.5 ~ 170 cs 7 
he uA Oto +75 C 
—50 - - Others 
180 — - All Inputs and Outputs O Ta=0°C 
' puts and Outputs Open, 
Supply Current lee epee ee 50 a = mA Test Pin 12 T076°C 
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HM10500-15 























Write Mode 
Item Symbol min typ max Unit Test Condition 
Write Pulse Width tw 10 - _ ns twsa=2ns 
Data Setup Time twsp 2 - - ns 
Data Hold Time twHp 3 - - ns 
Address Setup Time twsa 2 - - ns tyw210ns 
Address Hold Time tWHA 3 - - ns 
Chip Select Setup Time twscs 2 - - ns 
Chip Select Hold Time tWHCS 3 a zs ns 
Write Disable Time tws - - 10 ns 
Write Recovery Time twr - - 18 ns 

Rise/Fall Time 
Item Symbol min typ max Unit Test Condition 
Output Rise Time ty - 2 - ns 
Output Fall Time te - 2 _ ns 

Capacitance 
[tem Symbol min typ max Unit Test Condition 
Input Capacitance Cin - 3 - pF 
Output Capacitance Cc _ 5 _ pF 
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HM10500-15 


Test Circuit and Waveforms 


Loading Condition Input Pulse 
© VeeGND) 
-09V—~ ~~~ 


(includes probe 
and jig capacitance) 
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HM 100494 Series — Preiiminary 


16384-word x 4-bit Fully Decoded Random Access Memory 


The HM100494 is ECL 100K compatible, 16384-word by 4-bits 
read/write random access memory developed for high speed systems 
such as scratch pads and control/buffer storage. 





Features 

* 16384-word x 4-bit organization 

* Fully compatible with 100K ECL level 

« Address accesstime: 10/12 ns (max) 

* Write pulse width: 6 ns (min) 

* Low power dissipation: 650 mW (typ) 

* Output obtainable by wired-OR (open emitter) 





Ordering Information 




















Type No. Access Time Package ve: (DG-28N) 
~ HM100494-10 10 ns 400 mil 28-pin Cerdip 

HM100494-12 12 ns (DG-28N) 

HM 100494F-10 10 ns 28-pin Ceramic Flat 

HM 100494F- 12 12 ns (FG-28D) 


Function Table 





Input 








CS WE Din al Mode 
H x x L Not Selected 
L L L L Write “0” 
L L H L Write “1” 
L H x Dout"! Read 
Notes: x; Irrelevant *1; Read Out Noninvert 
Block Diagram Pin Arrangement 








AlO All Al2 = AI3 





Memory Cell Array 
16384words X 4bits 


be 
o 
2B 
z 
a 
~~ 
Pa 
Cy 
3 
9 
2 
® 
iD 
bod 


Block 1 Block 3 Block 4 


R/W R/W R/W R/W 
Circuit Circuit Circuit Circuit 
© 


o O 
Dll DOl Diz DO2 DIZ DO3 DI4 DO4 








(Top View) 
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HM100494 Series 


Absolute Maximum Ratings (Ta = 25°C) 




































































Item Symbol Rating Unit 
Supply Voltage Vee to Vcc +0.5 to —7.0 Vv 
Input Voltage Vin +0.5 to VEE Vv 
Output Current Tout -30 mA 
Storage Temperature Tstg —65 to +150 °C 
Storage Temperature Tstg (Bias)'* —55 to +125 oe 
Note: *1: UnderBias 
Electrical Characteristics 
DC Characteristics (Ver = -4.5 V, Ri = 50Q to -2.0 V, Ta = 0 to +85°C, air flow exceeding 2 m/sec) 
Item Symbol Min (B) Typ Max(A) Unit Test Condition 
Vv Vou -1025 —955 -880 mV ’ 
Oulu Valines Vo. 1810. 1715-1620. 2 mv _Vin= Viiaor Vip 
Vorc 1035 — —_— mV F 
Output Threshold Voltage Vouc -  K0 av Vin = Vins or VILA 
Input Voltage Vin ~1165 — —880 mV Guaranteed Input Voltage 
Vi_ -1810 —  -1475 mV High/Low for All Inputs 
In — — 220 pA Vin = Vina 
Input Current In 0.5 —_ 170 pA Vin = Vip Cs 
-50 — —_ Others 
Supply Current IEE -180 = = mA All Inputs and Outputs Open 





AC Characteristics (Vee = —4.5 V + 5%, Ta = 0 to +85°C, air flow exceeding 2 m/sec) 















































Read Mode 
HM100494-10 HM100494-12 _ 
Item Symbol Min Typ Max Min Typ Max Unit Test Condition 
Chip Select Access Time tacs _ — 6 — — 8 ns 
Chip Select Recovery Time tRCS _—- — 6 — — 8 ns 
Address Access Time tAA _— — 10 _— — 12 ns 
Write Mode 
HM100494-10 HM100494-12 a 
It Symbol i Test Condit: 
is Ae Mit Typ Mac Mm: Typ Max 
Write Pulse Width tw 6 — —_— 8 —_-_ — ns tWsa = twsa min 
Data Setup Time twsD 2 — —_ 2 —- — ns 
Data Hold Time twHD 2 — — 2 —_- — ns 
Address Setup Time twsa 2 — — 2 —- — ns tw = tw min 
Address Hold Time tWHA 2 — — 2 —_ — ns 
Chip Select Setup Time twscs 2 — —_ 2 — — ns 
Chip Select Hold Time tWHCs 2 — —_— 2 —- — = 4ns 
Write Disable Time tws — — 6 — — 8 ns 
Write Recovery Time twR —_— —_ 1220 — — 14 ns 
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HM100494 Series 




















Rise/Fall Time 
Item Symbol Min Typ Max Unit Test Condition 
Output Rise Time tr — 2 — ns 
Output Fall Time tf — 2 — ns 
Capacitance 
Item Symbol Min Typ Max Unit Test Condition 
Input Capacitance Cin — 3 — pF 
Output Capacitance Cout — 5 — pF 
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HM100494 Series 


Test Circult and Waveforms 


Loading Condition Input Pulse 


Test Circuit 
O Vec (GND) 


Cr 
t, = t,=2.0ns typ. 
Ri =50Q 
Ci = 30pF 
(Includes probe 
and jig capacitance) 


Write Mode 


Address 
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HM100490 Series—rreiiminary 


65536-Words x 1-Bit Fully Decoded Random Access Memory 
@ DESCRIPTION 


The HM100490 is ECL 100K compatible, 65536-words by 1-bit 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

@ FEATURES 


* 65536 x 1 Bit Organization 
¢ Fully Compatible with 100K ECL Level 


e Address Access Time .............00 cee eee 10/12ns (max.) 
e Write Pulse Width ...........0... 0.0.0.0 cence 6/8ns (min.) 
e Low Power Dissipation ...................0005 500mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


10ns 
12ns 


@ BLOCK DIAGRAM 







Package 


300 mil 22 pin Cerdip 
(DG-22N) 









HM 100490-10 
HM100490-12 





Y—Decoder/Driver 





As 
A6 
A7 
As 
Ag 
A10 
Ait 
A13 









Memory Cell Array 
65536 words x 4 bits 





X—Address/Decoder 


Din/Dout 





@ HITACHI 


(DG-22N) 


@ PIN ARRANGEMENT 


NOTES: 


OAN OAR OND = 


X = Irrelevant; 
* = Read out noninvert 
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HM100490 Series 
@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


Hem Unit 
Supply Voltage Md 
Input Volage v 
Output Curren fo be ee 
Storage Temperature °C 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
¢ DC Characteristics (Vgp = -4.5V, Ry = 500 to -2.0V, T, = 0 to +85°C, air flow exceeding 2m/sec.) 


item Un 
= EaWen ee ea 01025 | 695s | 0880 | mv 
Te in= Vata ot Vann mv 
Cup Toes vtuge | YAEL ig = Vinpornn [PL = pig Ty 
Pa Guaranteed Inpat Volage [0S |_— | 0880_| mv 
me High/Low for All Inputs ~@isio | — | 075 mv 
ig) Vp ee ee ao |e 

input Current ag ee Ea 
u_| Ya Yas Otes| 050 | — | — | * 

Supply Curren ewo_[— [| — | mA 


¢ AC Characteristics (Vgp = -4.5V + 5%, T, = 0 to +85°C, air flow exceeding 2m/sec.) 
1. Read Mode 


Chip Select Access Time 


Chip Select Recovery Time 
Address Access Time 





2. Write Mode 
Write Pulse Width [ww [owsa = toga mim | 6 |—-|—f 8 |—[— [om 
Data Setup Time Pa i i ee Es ee 
Data Hold Time ene ee ee 
Adress Setup Time tsa [tw = twin | 2 |—|—-.2/—|[—|m 
Adress Hold Time ea ewe 
Chip Select Setup Time 1 2}—}]—|,2]-]-| ns 
Chip Select Hold Time f2]}—];—][2{[-— ]— | 2 
Write Disable Time tws 1 -~{[—fe«f—-]— | 3) ns 
Write Recovery Time twr f}—-][~jr{~]—] 4] ns 
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HM100490 Series 


3. Rise/Fall Time 


Output Rise Time 


| Min. | 
Lea 
Output Fall Time i 





4. Capacitance 


Input Capacitance 





Output Capacitance 


@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 


Vcc (GND) 
©) 





0.01 pF 5 ‘ 
ie pe VEE ©2.0V 


3. Read Mode 


50% 


50% 
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HM100490 Series 
4. Write Mode 


cs 


Address 


Din 
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H M 1 00504 F- 1 0/1 2 — Preliminary 


65536-Words x 4-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM100504 is ECL 100K compatible, 65536-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

@ FEATURES 


© 65536 x 4 Bit Organization 
¢ Fully Compatible with 100K ECL Level 


e Address Access Time ..........-..00 cee eee 10/12ns (max.) 
e Write Pulse Width............. 0.0.2.2. e eee eee 8ns (min.) 
e Low Power Dissipation ................-2..-45 500mW (typ.) 


© Output Obtainable by Wired-OR (Open Emitter) 


@ ORDERING INFORMATION 











Type No. Access Time Package 
HM 100504F-10 10 ns 28 pin Ceramic Flat Package 
HM100504F-12 12 ns (30 mil lead Pitch) 





@ BLOCK DIAGRAM 
As Ag Az Ag Ajo Aig Ara Ats 
OO0O0O00000 O 


Se ae ee 





Ao 














A1 3 
A2 8 
ia Q Memory Cell Array 
vw 2 65536 words x 4 bits 
Ag 3 
Ato | 

x< 





Ait Block 1 | Block 2 | Block 3 | Block 4 


Dio DO Diy DOyDilo DOsDizg DOg 


@ HITACHI 


@ PIN ARRANGEMENT 


NOTES: 


1 
2 
3 
4 
5 
6 
7 
8 
9 





X = Irrelevant; 
* = Read out noninvert 
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H M 1 00500CG- 1 8 — Preliminary 


262,144-Word x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM100500CG-18 is ECL 100K compatible, 262,144-word x 
1-bit, read/write random access memory developed for high speed 
systems such as main memories for super computers. 


@ FEATURES 


* 262,144-Word x 1-Bit Organization 
e Fully Compatible with 100K ECL Level 


e Address Access Time. ......... 0-0. cece e eee 18ns (max.) 
e Write Pulse Width. ........ 0.0.0.0. cee eee eee 10ns (min.) 
¢ Low Power Dissipation .................-00000- 500mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
M@ ORDERING INFORMATION 


Access Time 
























Package 

24 pin CERDIP 

(DG-24V) 

28 pin LCC 
(CG-28B) 


24 pin Ceramic Flat 
(FG-24A) 


HM100500-18 






HM 100500CG-18 


HM 100500F-18 


@ FUNCTION TABLE 


Not Selected 


Write ‘‘0”’ 
Write ‘‘1”’ 





NOTES: X = Irrelevant 
*] = Read Out Noninvert 


@ BLOCK DIAGRAM 















MEMORY 
CELL ARRAY 


256 x 1024 > Dout 


X-ADDRESS 
DECODER 





SENSE AMP 
and R/W 
CONTROL 


















o WE 
Y-ADDRESS 
DECODER > D, 
ree iy 
As Ay Sree Ay 
© HITACHI 









(CG-28B) 











(Top View) 
(DG-24V) 


OPN DOO h WH = 





(Top View) 
(CG-28B) 





AD Vers Vers AlO ALL Al 


(Top View) 
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HM100500CG-18 


Absolute Maximum Ratings (Ta = 25°C) 
































Item Symbol Rating Unit 
Supply Voltage Vee to Vcc +0.5 to -7.0 Vv 
Input Voltage Vin +0.5 to VEE Vv 
Output Current Tout -30 mA 
Storage Temperature Tstg —65 to +150 °C 
Storage Temperature Tstg (Bias)"? -55 to +125 °C 





Note: *1; Under Bias 


Electrical Characteristics 
DC Characteristics (Ver = —4.5 V, Rt = 50Q to -2.0 V, Ta = 0 to +85°C, air flow exceeding 2 m/sec) 






































Item Symbol Min (B) Typ Max (A) Unit Test Conditions 
Vou —1025 —955 -880 mV : 
Ourpur Voulage Vo. 1810. 1715-1620. mV“ Yin= Vataor Vin 
~1035 —_ — Vv 
Output Threshold Voltage woe ue “7610 a Vin = Vins or Vita 
Vin 1165 — -880 mV Guaranteed Input Voltage 
Input Voltage 
‘ Va 1810 —TiF5— nV “High/Low for All Inputs 
In — — 220 HA Vin = Vina 
Input Current In 0.5 —_ 170 LA Vin = Vin cs 
—50 — — Others 
Supply Current TEE ~160 — = mA All Inputs and Outputs Open 





AC Characteristics (Ver = -4.5 V+ 5%, Ta= 0 to +85°C, air flow exceeding 2 m/sec) 





Read Mode 
Item Symbol Min Typ  CG-18Max  F-18Max Unit Test Conditions 
Chip Select Access Time tacs — _ 18 15 ns 
Chip Select Recovery Time trcs _ — 18 10 ns 
Address Access Time taa _— — 18 18 ns 
Write Mode 
Item Symbol Min Typ  CG-18Max  F-18Max Unit Test Conditions 
Write Pulse Width tw 10 _ — ns twsa=2 ns 
Data Setup Time twsp 2 _ — 
Data Hold Time twHD 3 _ _ ns 
Address Setup Time tWsa 2 ~ — ns w= 10 ns 
Address Hold Time tWHa 3 _ — ns 
Chip Select Setup Time twscs 2 — — ns 
Chip Select Hold Time tWHCs 3 — — ns 
Write Disable Time tws — _ 15 10 ns 
Write Recovery Time twR _ _ 21 21 ns 
@ HITACHI 
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HM100500CG-18 





Test Conditions 








Rise/Fall Time 
Item Symbol Min Typ Max Unit 
Output Rise Time tr — 2 — ns 
Output Fall Time tf — 2 — ns 
Capacitance 
Item Symbol Min Typ Max Unit 
Input Capacitance Cin — 3 —_ pF 
Output Capacitance Cout —_ 5 — pF 


Test Circuit and Waveforms 


Loading Condition 
© VecdGND) 


0.01uF a Vee 


Read Mode 


Write Mode 


Input Pulse 


-0.9V—— -~--- 


t= ty =2.0ns 


R.=S0Q 

Cr=30pF (includes 
probe and jig 
capacitance) 


Address 


©@ HITACHI 
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H M 1 01 494 Series — Preliminary 


16384-Words x 4-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 

The HM101494 is ECL 100K compatible, 16384-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 
@ FEATURES 


© 16384 x 4 Bit Organization 
¢ Fully Compatible with 100K ECL Level 


e Address Access Time ............200 0c scenes 10/12ns (max.) 
© Write Pulse Width ............... 0.000 cee eee 6/8ns (min.) 
© Low Power Dissipation .................--005- 750mW (typ.) 


© Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


Access Time 


10ns 
12ns 


10ns 
12ns 














Package 


400 mil 28 pin Cerdip 
(DG-28N) 






HM101494-10 
HM101494-12 


HM101494F-10 
HM101494F-12 


28 pin Ceramic Flat 
(FG-28D) 





@ BLOCK DIAGRAM 


eu Ao Ayo ee Av Arg 


Y—Decoder/Driver 














Ao aes 

Ai 3 

A2 8 

A3 Q Memory Cell Array 
% 16384 words x 4 bits 

A4 ® 
me) 

A5 3 

Asé | 

Ag x 





Block 1 | Block 2 | Block 3 { Block 4 


| cia | Goon | cite | dice 


O OO O O OO O 
Diy 00; Di2 DO2Dig DOgDI4 DO4 





NOTES: X = Irrelevant; 
* = Read out noninvert 
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HM101494 Series 
@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


fem Uni 
Supply Voltage ¥ 
Input Voltage v 
Output Current ee eee ee eee mA 
Siorage Temperature °C 
Storage Temperature °C 


NOTES: 1. Under bias. 
2. Ceramic flat ... Tc, Cerdip... Ta. 


@ ELECTRICAL CHARACTERISTICS 


¢ DC Characteristics (Vep = -5.2V, Ry, = 500 to -2.0V@), T, = 0 to +85°C, air flow exceeding 2m/sec.@), 
Tc = 0to +85°C) 


a eae 01023 
fvepere ee orm 
te 
P= [=| ene 


61610 

| Vin | Guaranteed Input Voltage 61165 6880 
220 
170 











Output Voltage 


Output Threshold Voltage 







Input Voltage 


ed 

za 

| Vn | High/Low for All Inputs | e310 | — | 

Ah rs Dae eee 
Korat 
Pee 
bs 


Vou 

VoL 

Vin 

Vit 
ier ee 
| Ipp | All Inputs and Outputs Open 6180 


¢ AC Characteristics (Vpp = -5.2V + 5%), T, = 0 to +85°C, air flow exceeding 2m/sec.@), 
Tc = Oto +85°C) 


HM101494-10 
yp. : 


Chip Select Access Time |_tacs_ | 


Input Current 


Supply Current 





1. Read Mode 


Address Access Time 


2. Write Mode 





| Min. 

fee | 

Chip Select Recovery Time | tes | | = | 
rae 


Write Pulse Width yw [tsa =tweamin | 6 |—|—| 8 |—|— [om 
Data Setup Time ae 22S ese 
Data Hold Time ee ore dae 
Address Setup Time ee oe se ee 
Address Hold Time f2{—]— [2 ]-—|— | 2 
Chip Select Setup Time )2}—-{/—{,2]-]—-| ns 
Chip Select Hold Time (2 )-—-|,-[2 ]-]—- | 2 
Write Disable Time f—~]—}6]|/—|[— |] 8 | os 
Write Recovery Time P| | 2)—}— | | ns 
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HM101494 Series 


3. Rise/Fall Time 


Output Rise Time 
Output Fall Time 





4. Capacitance 






; 
ages 


@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 2. Input Pulse 





Input Capacitance 












Output Capacitance 





Vec (GND) 
() 








0.01 py 


© 
E J, Yee 02.0V 


3. Read Mode 


50% 


50% 
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HM 101494 Series 
4. Write Mode 


cS 


Address 


Din 
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HM101490 Series— Preliminary 


65536-Words x 1-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM101490 is ECL 100K compatible, 65536-words by 1-bit 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

@ FEATURES 


¢ 65536 x 1 Bit Organization 
¢ Fully Compatible with 100K ECL Level 


e Address Access Time .............-.0-0000ee 10/12ns (max.) 
¢ Write Pulse Width ............0 02.0. c eee eee 6/8ns (min.) 
¢ Low Power Dissipation ..................--2-- 570mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
@ ORDERING INFORMATION 


10ns 
12ns 


@ BLOCK DIAGRAM 







Package 


300 mil 22 pin Cerdip 
(DG-22N) 










HM101490-10 
HM101490-12 


Ao Ai A2 Ag Ag Aro Ara Ats 
0000000 O 


Y—Decoder/Driver 












As . 

As 3 

A7 8 

Ag Qa Memory Cell Array 
oe 65536 words x 4 bits 

Ag ® 

A10 3 

Atl | 
x 


A113 


Din/Dout 


@ HITACHI 


(DG-22N) 


@ PIN ARRANGEMENT 


OOAN ODA FP WN = 


X = Irrelevant; 
* = Read out noninvert 
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HM101490 Series 
@ ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


tem Uni 
Supply Voltage » 
Tnput Voltage Tv, | 050030 
Output Current ae i ae ee 
Storage Temperature tg wo 4B 
Storage Temperature °C 


@ ELECTRICAL CHARACTERISTICS 
¢ DC Characteristics (Veg = -5.2V, Ry = 500 to -2.0V, T, = 0 to +85°C, air flow exceeding 2m/sec.) 


hem Symbol Min. » ee (A) | Unit 
Vin = VIHA ILB re rome nn mV 


Output Threshold Volta Vv Vv ons me 
= ) 
naep Treen ole: a pea av 


Pec 

ee Input Voltage | ones | — | mV 

sehen for All Inputs | eisi0 | — | Tie mV 

ae ae yA 
Sa os fa 


ECS. 
fee oo 


| All Inputs and Outputs Open _| Inputs and Outputs | All Inputs and Outputs Open _| a Poa fe | mA 


e AC Characteristics (Vgp = -5.2V + 5%, T, = 0 to +85°C, air flow exceeding 2m/sec.) 


Input Voltage 


BIE/ZIs 
| 2 
a i) 


Input Current 


Supply Current 



















1. Read Mode 

ten | Srmit | tet coniton aa ap [Mae Mp 
Chip Select Access Time Page ee 
Chip Select Recovery Time | _trces_ | S| — ‘| CYT 
Address Access Time ae fa 


2. Write Mode 
Write Pulse Wid a eo 
Data Setup Time Sere ese 
Daia Hold Time os eee ns 
Address Setup Time Se CeO 
Address Hold Time ae ee De Lee ee a ns 
Chip Select Setup Time f27—]—{,2/[-—],- | ns 
Chip Select Hold Time Bao PP oe it ce | ns 
Write Disable Time | tws | -—-{[—-[6]f~—~[—] 8 | ns 
Write Recovery Time | twr | f}—- | —-/[el{l-—j ;,-| #4] ns 
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HM101490 Series 


3. Rise/Fall Time 


[est Condition [Min 

Output Rise Time a 
Output Fall Time aa 
| __Test Condition | Min. 

ieee) 

as 









4. Capacitance 









Test Condition 
S-: e 
@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 






Input Capacitance 
Output Capacitance 





Vcc (GND) 








QO O 
01a J, ve e20v 


3. Read Mode 


50% 


50% 
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HM101490 Series 
4. Write Mode 


cs 


Address 


Din 





| HITACHI 
422 Hitachi America, Ltd. ¢ Hitachi Plaza « 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 ¢ (415) 589-8300 


H M 1 01 504 F- 1 0/1 2 — Preliminary 


65536-Words x 4-Bit Fully Decoded Random Access Memory 


@ DESCRIPTION 


The HM101504 is ECL 100K compatible, 65536-words by 4-bits 
read/write random access memory developed for high speed sys- 
tems such as scratch pads and control/buffer storage. 

@ FEATURES 


© 65536 x 4 Bit Organization 
© Fully Compatible with 100K ECL Level 


e Address Access Time .............--.---005- 10/12ns (max.) 
© Write Pulse Width... 0.0.2.2... 0.000. e eee eee 8ns (min.) 
© Low Power Dissipation ................-2.0055 500mW (typ.) 


* Output Obtainable by Wired-OR (Open Emitter) 


m@ ORDERING INFORMATION 








Type No. Access Time Package 
HM101504F-10 10 ns 
HM101504F-12 12 ns (FED) 





@ BLOCK DIAGRAM 
As Ag Az Ag Ai2 Aig Arg Ais 
0000000 0 


ee 





Ao 
At 
A2 
A3 
A4 
Ag 
A10 
An 












Memory Cell Array 
65536 words x 4 bits 


X—Address/Decoder 





Block 1 | Block 2 | Block 3 | Block 4 





a DOp Diy 00, <a DO, Dlg ne 


© HITACHI 


@ PIN ARRANGEMENT 





1 
2 
3 
4 
5 
6 
7 
8 
9 





(Top View) 





@ TRUTH TABLE 






Input 


— Output 
Lees 


Mode 











NOTES: X= 
* = Read out noninvert 


Irrelevant; 
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H M 1 01 500 F- 1 5 — Preliminary 


262144-Words x 1-Bit Fully Decoded Random Access Memory 
@ DESCRIPTION 


HM101500F-15 is ECL 100K compatible, 262144-words by 1-bit, 
read/write random access memory developed for high speed sys- 
tems such as main memories for super computers. 


@ FEATURES 

© 262,144-Words x 1 Bit Organization 

¢ Fully Compatible with 100K ECL Level (FG-24A) 
e Address Access Time. ........... 0.0 c ee eee eeee 15ns (max.) 

e Write Pulse Width. .......... 0.00... e eee eee 10ns (min.) 

e Low Power Dissipation ..................0005. 500mW (typ.) 


¢ Output Obtainable by Wired-OR (Open Emitter) 
@ TRUTH TABLE 





(CG-28B) 


@ PIN ARRANGEMENT 





NOTES: X = Irrelevant; 
* = Read out noninvert 


@ ORDERING INFORMATION 


Type No. Access Time Package 
HM101500F-15 15 ns 24 pin Ceramic Flat Dou 
HM101500CG-15 15 ns 28 pin Ceramic LCC 


>>> >> 
bhOnN=Ho 


@ BLOCK DIAGRAM 









Ao O = 
Ay O = 
st 256 x 1024 

4 
Ay H Memory Cell . 

' Top View 
he © Dout : 
Aro Ss 


Ld 
Sense Amp. and 
Read/Write Control 






cs Index, Ago \ocsoce"coc Din 
WE i3)12) 11) 28 23 Bs 


rare ema ee rat 
t al uy uel t 


HONS H4l HSE Metz 


Ag Vee Woo A101 At2 





(Top View) 
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@ ABSOLUTE MAXIMUM RATINGS (T, 


Item 
Supply Voltage 
Input Voltage 
Output Current 
Storage Temperature 
Storage Temperature 


M@ ELECTRICAL CHARACTERISTICS 
e DC Characteristics (Vpp = -5.2V, Rr 


Item Symbol 
Vou 
Output Voltage io 
VoL 
Vouc 
Output Threshold Voltage foe 
Voc 
I Vin 
nput Voltage Vv 
IL 


Input Current 
L 


i 
IEE 


Supply Current 


= 25°C) 
Un 
v 
Vv 
te i em 
°C 
°C 


= 500 to -2.0V, Tc = Oto +85°C) 


Min.(B) | Typ. 


61025 9 
Vin = Vina OF Vip 61810 7 
Ye=vanorvan OEE 


Guaranteed Input Voltage 
High/Low for All Inputs 


n 
Vin = Vina 


Max.(A 


ws 


fan) @ 

— —_— 

i= i) 

a) |S 
O1® 
S| o> 


1610 
880 
1475 


foe 20 
6200 mae 


e AC Characteristics (Ver = -5.2V + 5%, Tc = Oto +85°C) 


1. Read Mode 


Item 
Chip Select Access Time 
Chip Select Recovery Time 
Address Access Time 


2. Write Mode 


Item 
Write Pulse Width 
Data Setup Time 
Data Hold Time 
Address Setup Time 
Address Hold Time 
Chip Select Setup Time 
Chip Select Hold Time 
Write Disable Time 
Write Recovery Time 













[ Symbot_ [Test Condition [Min Typ] Mian 
Peo ee 
Eee Sena 
pia eh oe 
[Symbor_[Test Condition [Min Typ. | Ma. 
Saliva = eee hers 
a See 
Paar 
ea eS a ND 
coe ee 
al ae ee) 
ee a 
eae eae Se 
ie ae 
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—_ 


rw | 2] a} @ 212 
2/3 


HM101500F-15 


Unit 
mV 
mV 
mV 
mV 
mV 
mV 
pA 


pA 







Unit 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
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HM101500F-15 





3. Rise/Fall Time 










nea 








Output Rise Time 
Output Fall Time 


Typ. 
ees 
aa 





4, Capacitance 

















Input Capacitance 
Output Capacitance 






| Min. _| 
aa 
reser] 
[Symbol [Test Condition | Min. | Typ. | 
=o a 2 
Eee! 

@ TEST CIRCUIT AND WAVEFORMS 
1. Loading Condition 


Vec (GND) 
() 








0.01 p 


F . e 
| Vee 02.0V 


3. Read Mode 


50% 


50% 
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HM101500F-15 


4. Write Mode 


cs 


Address 


Din 
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NOTES 
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NOTES 
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